_ 


Is 


Programmable Logic 
Data Book 
1997 


Cypress Semiconductor is a trademark of Cypress Semiconductor Corporation. 


Cypress Semiconductor, 3901 North First Street, San Jose, CA 95134 (408) 943-2600 


Telex: 821032 CYPRESS SNJ UD, TWX: 910 997 0753, FAX: (408) 943-2741 


FAX-On-Demand: (800) 213-5120 or (408) 943-2798, Web Address: http://www.cypress.com 


Literature Fulfillment/Advertisement Response: (800) 858-1810 


How To Use This Book 


Overall Organization Key to Waveform Diagrams 

This book has been organized by product type, be- [7 7 1 

ginning with Product Information. The products are Ui Rising edge of signal will 
VA, occur during this time. 


next, starting with Small PLDs, CPLDs, and Devel- 
opment Systems. A section containing Quality and 


Reliability information is next, followed by Package 
Disaraine. J : Falling edge of signal will 
N occur during this time. 


Recommended Search Paths 


To search by: Use: | 
\/ Signal may transition during 


Product line Table of Contents or flip ye = here i - 
through the book using the /\ /\ this time (don’t care condition). 


tabs on the right-hand 


pages. — = Signal changes from high- 
_ Size The Product Selector CK — impedance state to valid logic level 
Guide in section 1. | during this time. 
Numeric part number Numeric Device Index fol- ne 
: x, | Signal changes from valid logic 
shel Died Meares | 2 ~ level to high-impedance state 


during this time. 
Other manufacturer’s The Cross Reference 


part number Guide in section 1. 


Published May 1997 


© Cypress Semiconductor Corporation, 1997. The information contained herein is subject to change without notice. Cypress Semiconductor Corporation assumes no responsibility for the use 
of any circuitry other than circuitry embodied in a Cypress Semiconductor product. Nor does it convey or imply any license under patent or other rights. Cypress Semiconductor does not authorize 
its products for use as critical components in life-support systems where a malfunction or failure may reasonably be expected to result in significant injury to the user. The inclusion of Cypress 
Semiconductor products in life-support systems application implies that the manufacturer assumes all risk of such use and in doing so indemnifies Cypress Semiconductor against all charges. 


The Cypress Product Line 


Memory Products 


Static RAMs 
SRAM Modules 
Cache RAMs 
Cache Modules 


Data Communications Products 


ATM Transceivers 
SONET/SDH Serial Transceivers 
Ethernet/Fast-Ethernet Transceivers and Repeaters 
SMPTE-259M/DVB-ASI Controllers 
HOTLink™ Transceiver 
HOTLink Receiver 
FIFOs 
Dual Port SRAMs 


Computation Products 


Clock Generators/Synthesizers 
Roboclock™ Programmable Clock-Skew Buffers 
Roboclock™ Jr. Low-Skew Clock Buffers 
Universal Serial Bus (USB) Controllers 
PC Chipsets 
FCT-T Logic 
VMEbus 

Non-Volatile Memory 


EPROMs 
PROMs 


Programmable Logic Products 


Industry Standard SPLDs 
EPLDs and MAX® EPLDs 
CPLDs 
Compiler Synthesizer Tools 


To request a free Cypress Semiconductor Data Book or Data Book CD-ROM, call 
1-800-858-1810. For the most current information 
visit the Cypress website at http://www.cypress.com. 


S7 CYPRESS 
TABLE OF CONTENTS 

Section 1 - General Information 
Cypress SemICONGUCtor BACkQrouUnnd x seviiissccssiisjasicseconiiontsnteaacenesecevenevsaeGenwaneel costeviccaucieabicui ees ee eaninedeaeetinaa 1-1 
OPCS INCH: ATO RITALIN OIA ccs etn ested ca oe ea oe ae os earns dys cata sean cd wed cyan eee estereaeae cet auc ce.e Aas ouch eee eeeeaeeumian eens 1-5 
Cypress Semiconductor Bulletin Board System (BBS) Announcement satin Be sauts sauna sndanetuceh uanacteunceauwedaquaeetnentves tee 1-6 
Product Selector GuIG avcecckecccce hae eccacecenst ere eees yatinnasenee dd uadeannanateuncecuumes Cae teteuaadoencicoeaecneeatuhacsneeannuieed: 1-7 
Product LING CroSs Meer ene ci: Aare waco ue Setevais aeecgesecaet sec utesneunened: <seneecec toca pee raeadan, waserren causiacedemunumadanecasatan 1-33 
CYOrOSs WViHILAIy, OCUCTS: sae eaiecenacataceszacs eevee cccias sade os anti wwr oacnonia sa vaste tindedate taut vaveaat eatin tie eaveoe toes esnestateemertewods 1-59 
Section 2 - Small PLDs 

Introduction: to: Cypress: PEDS: disiisiecssccshncevisctavacaciccccsteesdaainsaimeastvvaceeresneeetons’ 2-1 
PAL®C20 Series Reprogrammable CMOS PALC 16L8, 16R8, Gea TOA, nerecsieeese een 2-7 
PALCE16V8 Flash Erasable, Reprogrammable CMOS PAL® Device ....essecesseeeeeeeees 2-8 
PALCE20V8 Flash Erasable, Reprogrammable CMOS PAL® Device ..............::cc00e 2-18 
PLDC20G10B CMOS Generic 24-Pin Reprogrammable Logic Device ...............::::::0::00+ 2-29 
PLDC20G10 CMOS Generic 24-Pin Reprogrammable Logic Device ................cc:ceeeeees 2-29 
PLDC20RA10 Reprogrammable Asynchronous CMOS Logic Device .............. 2... 2-38 
PALCE22V10 Flash Erasable, Reprogrammable CMOS PAL® Device ...............:::00e 2-48 
PALC22V10 Reprogrammable CMOS PAL® DeViICE ..0..........ceeeseeeeeeeeeesenneeeeeeeeeeeenaeneees 2-58 
PALC22V10B Reprogrammable CMOS PAL® DeViICE ..............ccceceeeeeeeesesenneeeeeeneneeeennaees 2-60 
PALC22V10D Flash Erasable, Reprogrammable CMOS PAL® Device ..............cccsseeeee 2-62 
CY7C330 CMOS Programmable Synchronous State Machine ............:eeeeeeeeeeeees 2-72 
CY7C331 Asynchronous Registered EPLD o.oo... cccessssensneeeeceeeeeeeeeeeecaneeeeeeeeeees 2-73 
CY7C335 Universal Synchronous EPLD ............cc::sssscessssseresceesensssensensseeecenssseeenssenes 2-87 
Section 3 - CPLDs 
Ultra37000™ ISR™ CPLD Family UltraLogic™ High-Performance CPLDS ............ eee ccceeeeeeeeeeeeeeeeecaeeeeeaaaaeenees 3-1 
Ultra37128 UltraLogic™ 128-Macrocell ISR™ CPLD. ou... ceeeeesereeeeeeeeeeeeeeneeereeeenes 3-8 
Ultra37128V UltraLogic™ 3.3V 128-Macrocell ISR™ CPLD ........... eee cess eeeee eee eeeeeeeeeees 3-21 
Ultra37256 UltraLogic™ 256-Macrocell ISR™ CPLD oo... eeeeeeeeeeeeeseeeeeeeeeeeeeees 3-34 
Ultra37256V UltraLogic™ 256-Macrocell 3.3V ISR™ CPLD ...... eee eteeeeeeeneeeee 3-47 
FLASHS70I™ ISR™ CPLD Family —_UltraLogic™ High-Density Flash CPLDs. ............ eee ce eeeeeenee eee eeeeeee eee 3-60 
CY7C371i UltraLogic™ 32-Macrocell Flash CPLD .............. ec eceeeeeeeeeeeeeseneneceeeeeneeneees 3-68 
CY7C372i UltraLogic™ 64-Macrocell Flash CPLD oo... eeeeeeeeeeeeeeeeeeeeeeeeeeens 3-77 
CY7C373i UltraLogic™ 64-Macrocell Flash CPLD 00.0... eeeeeeeeeeeeeeeeeeeeeeenereeeeens 3-86 
CY7C374i UltraLogic™ 128-Macrocell Flash CPLD oo... eeseeeeeeeeeeeeeneneceeeeeeeneeenes 3-96 
CY7C375i UltraLogic™ 128-Macrocell Flash CPLD .............eeceeeeeeceeteeteeeeaeeeeneeeeees 3-107 
FLASH370™ CPLD Family UltraLogic™ High-Density FLASH CPLDS ........ eee ceeeeeeeeeeeeeeeeeeeeees 3-119 © 
CY7C371 UltraLogic™ 32-Macrocell Flash CPLD uc eceesenseeeeeeeeeeeseeeeeenennens 3-126 
CY7C372 UltraLogic™ 64-Macrocell Flash CPLD ......... ec eeeeeeeeeeeeeeeeeee eeeeeeeeeetees 3-127 
CY7C373 UltraLogic™ 64-Macrocell Flash CPLD .......ccseeeeeeeseesseeeeeereeeeeeees 3-128 
CY7C374 UltraLogic™ 128-Macrocell Flash CPLD ................ccccceeneeeesesseeeneeeeeseees 3-129 
CY7C375 UltraLogic™ 128-Macrocell Flash CPLD. .0....... ec seeeeeeeeeeeeeeeeeeeeeeeeeeeeees 3-130 
CY7C340 EPLD Family Multiple Array Matrix High-Density EPLDs .......0.... ee eeeeceeeeeeeeeeeeeeeeeees 3-131 
CY7C341B 192-Macrocell MAX® EPLD .......... Maite itera Sooa assess Seacace Sa usenst aeuoaceneni uns eieed 3-137 
CY7C341 192-Macrocell. MAX® EPLD: wediscssrceecets coiuiete ae aicensesseosewmbion en eleeaes 3-151 
CY7C342B 128-Macrocell MAX® EPLDS ............eeccceeseeneeeeeeeeeeeeeeeeeeeseeeeaeee eeeeneeeaaaes 3-153 


Section 3 - CPLDs (continued) 


CY7C342 128-Macrocell MAX® EPLDS 0.0.0.0... .cc..cccccseccseeceeseeeeeeeeeuseeeeneseuseueeseeueesens 3-171 
CY7C343/CY7C343B 64-Macrocell MAX® EPLD ou... eceeeccceeececeecececeeeceecsceeesecevseeeeeseeueeseuees 3-172 
CY7C344/CY7C344B 32-Macrocell MAX® EPLD uuu... cc ceeeecceeecceeeeceeseccceeeceueececesseceneneeeaeeenaees 3-189 
CY7C346/CY7C346B 128-Macrocell MAX® EPLDS 0.00.0... cccccccecccseccceeeeseueeeceeceeececeeeunueeeeeseseeeeas 3-203 


Section 4 - Development Tools 


PLD Development Tools OVErVieW ..........cccccccssssssssssseeecececeeeeeeeeeeaueesenenenenes 4-1 
CY3120 Warp2® VHDL Compiler for PLDS ..............ccccecssssssseeeeeseeasteesneeeenanseesseuaes .4-2 
CY3122/CY3127 Warp2Sim™ VHDL Development System for PLDs ...............c::c:sseceeeeeeeeees 4-7 
CY3130/CY3135 Warp3® VHDL Development System for PLDS ...............cccceecceeeeeeneeeeeees 4-12 
Phitd-Farty TOOL SUDPON: sseiscssbeeapotsvetiwedsacevavseaenoniwerQiacecheeseieens Gaaaute eens 4-18 
CY3140 ABEL™/Synario™ Design Kit for FLASHS70i™ 00... cece eeeeeeseeteeeeeeeeees 4-26 
CY3144 Cypress Mentor Graphics Bolt-in Kit .............cccceeecssesseeeeeeeeeaseeeeeeeeeseneeeeeees 4-27 
PLD Programming Information ...............ccceceeeeeeceeeeeeeeseeeeeeeeeeeeeeeeseseeaaaenees 4-28 
CY3500 Impulse3 ™ DeviceProgrammer and Adapters .............2..:ccceeeeceeeeeeeeeeeeees 4-30 
CY3600 INSRKIt™: ISR™ Programming Kit ........ccccccccccccecceseeceeeeeeeeceeeeeeeeeeseeeeeneees 4-33 
CY3620 Warpa2lSR™ ISR Design Kit for CPLDS ......... cc ccececeeeeeececeeeeeeeeeneeeeeneaeaees 4-35 
Section 5 - Application Notes 
Ate Your PLDs Metastable?” icscsnecereecsuese iacesideye ctecavatadeeeatat cee suieus sae eet baat aes esate va ve ae eh eae laid wine eeee eas: 5-1 
Designing with the CY7C335 and Warp2® VHDL Compiler ............ cece ceeeeeeeeeeeeeeeneeteeeeeceeeenenenectenseteeeeeneeeeeeres 5-23 
Getting Started Converting .-ABL Files to VHDL .......... ccc. ccccscceeececeecneeeeneeceeeceeneueaaaeneseeeeeeseaeseenanagsseeaeseeeteseeeqeanes 5-51 
Abel™-HDLVS WEEE-T076 VAD be sce eusics caste ncoceeeasiaeecranndercimted acne aaa ue bas eee: 5-74 
State Machine Design Considerations and MethodoloGies ............cccceccccseseeeeeceeeeeeeeaeeeeeeeeeseeeeeeaeaaaeeeaeaeeeeeeeeeeeaees 5-85 
Efficient Arithmetic Designs Targeting FLASHS70i™ CPLDS .0....... ccc ceeeeeeeeeeeeeeeeeteeeeeeeeeeeeeeeeeseneaeaaaeeeenenees 5-115 
The FLASHS70i™ Family Of CPLDs and Designing With W@rp2® .0.......eee cece cece ce eeeeeeeeeeneeeeeeeeeeeaasneaaaeeeseeeaaeeees 5-139 
Implementing a Reframe Controller for the CY7B933 HOTLink™ Receiver ina CY7C371 CPLD ....... a. 5-157 
Implementing a 128Kx32 Dual-Port RAM Using the FLASHS70™ ooo eee ccceeeeeeeeeeeeeeneeeeeeeneeaaeeeeeeeeeeeneeeeenes 5-169 
An Introduction to In System Reprogramming with FLASHS70i™ ooo... eeececeeeeeeeeenaaeeaeaeeeeeeeeeeeeeeeeeeensaaaeeeeees 5-180 
‘Designing With FLASH370i™ for PC Cable Programming ..........:::::cccccccecesseseeeeeeeeeeeenneaeaeaeeseeeeeeeeeseeeeeeenanes ere 5-186 
USING AIEralChy INVADE DOSIOW seranaccracesvectancdrecsvanaavesentannainctnwnienlecivateennd nei iodaowannouanwurie Govkedeensas ervacene aus 5-198 
Section 6 - Quality 
Quality, Reliability, and Process FIOWS. ............cccccssssseecccsseseceecsseuseeeeesseaseecesueseececeususeeecseeesaaseeeceessauseaseseetsagseseetees 6-1 
Moisture-Sensitive Devices Handling Information .............::::seseeseeeeseeeseeenseeeeeeeceeeeeeeeaneeeeceeeeeeeneeseeeaeeeeeeeeteeeeeaeenen 6-16 
Thermal Management and Component Reliability .............cccccccccessscceeeeeceeceeeeseeneeeseaeeeeenaaeeeseeeaeeensesaaenessageeseaaes 6-18 
TabG: ald REE SDSCIICATOINS: ae cccctasiia exces vasecdiaasiasavu ccetinnaa iia yah ace Bian Cuabes a aaah fasaleueennnee espe nature esaey tnd aee ade ceenudeneee 6-28 
SECTION 7 = PACKAGCS vies sewsltssca sida edicts seesei cl dayasase ed htagadecadeiaienennrallcidreine daca ee eee ee 7-1 


CY7C340 EPLD Family 
CY7C341 

CY7C341B 

CY7C342 

CY7C342B 

CY7C343 

CY7C343B 

CY7C344 

CY7C344B 

CY7C346 

CY7C346B 

CY7C371 

CY7C371i 

CY7C372 

CY7C372i 

CY7C373 

CY7C373i 

CY7C374 

CY7C374i 

CY7C375 

CY7C375i 

FLASH370™ CPLD Family 
FLASH370i™ ISR™CPLD Family 
PALC20 Series 
PALC22V10 
PALC22V10B 
PALC22V10D 
PALCE16V8 
PALCE20V8 
PALCE22V10 
PLDC20G10 
PLDC20G10B 
PLDC20RA10 
Ultra37000™ ISR™ CPLD Family 
Ultra37128 
Ultra37128V 
Ultra37256 
Ultra37256V 


NUMERIC DEVICE INDEX 


Warp2® VHDL Compiler for PLDS. 0.0... ccccceeeeeceeeeteeeeeeeeeseeaaeseseeeeeseeaes 4-2 
Warp2Sim™ VHDL Development System for PLDS ...........cc:ccccssseeeeeerees 4-7 
Warp2Sim™ VHDL Development System for PLDs ............... saeuldineauieantaee 4-7 
Warp3® VHDL Development System for PLDS ................ccseeeeeeeseeeeeeeenees 4-12 
Warp3® VHDL Development System for PLDS ............ ee eeeeeeeeeeeeeeees 4-12 
ABEL™/Synario™ Design Kit for FLASHS70I™ ooo ee eeeenceeeeeeeeeeeeeeee anes 4-26 
Cypress Mentor Graphics Bolt-in Kit .................cescceeeeeesssseeeeeeeeeetesesneeeenees 4-27 
Impulse3™ DeviceProgrammer and Adapters ..........::cceceeeeeeeeeeeeeeeeeeeeeeees 4-30 
INSRKit™: ISR™ Programming Kit ..........cccceeeeeccseeeceeereceeeeceeeeeeneeneeneeeeees 4-33 
Warpa2lSR™ ISR Design Kit for CPLDS ....... te eeeseeeeeeeeeeeeeneneneeeeeseneeees 4-35 
CMOS Programmable Synchronous State Machine ...............ccccceeseeeee sees 2-72 
Asynchronous Registered EPLD .............:c:ceseeeceeeceeeeeeeenaneeeeeeeeenesseaeaen ees 2-73 
UNnIVersal SYACHFONOUS. ERED ® sasccaccawvessxsdeestvastenveuvareledveiiewdsucceeeneerinedevioeen 2-87 
Multiple Array Matrix High-Density EPLDs. ..................cceeeeeeeeeeeeeeeeeeeeeee 3-131 
192-Macrocell MAX@ EPLD « siccess ca senscsscisstee@ecsetdencctudeCvantsuudsaaegerechinevenigs 3-151 
192-Macrocell MAX@:EPED. ssitesccssiweturescacens sets essuie as ertnless evaceedanaantines 3-137 
128-Macrocell MAX® EPLDS ...............cccceeceeeeeeeeeeeeeeeeeeneeeaeeeeeeeeaeaeeeeeanaes 3-171 
128-Macrocell MAX® ERPEDS save cosccssrnensevssduvetvendsaccadiatwenvaviateromlescoudenes 3-153 
64-Macrocell MAX® EPLD. ...........ccceccescsssnenseeseeeeneeeeeeeesecaeaaaaaaeeeeeeseeeeees 3-172 
64-Macrocell. MAX® EPUD® sicitisiecdeatdencttd eeretivcadantecdabestceeviointvassanct anaes 3-172 
32-Macrocell MAX®: EPL DD. vscgic coi cscscisnccetesivvcnivetdvaversssunseneesestecatiaseaees 3-189 
32-Macrocell MAX®@: BRED sccisvicucesasots wecschvsisviavicaiestaencaendédesaclietasbaddaxes 3-189 
128-Macrocell MAX® EPLDS  -ic...ccccetcccacieeve tts cesta aaa aes 3-203 
128-Macrocell MAX® EPLDS 312. s.0:- es seevecnc sn teuds eeseveiarieutesadcnazoncxteasiee 3-203 
UltraLogic™ 32-Macrocell Flash CPLD ......... ccc eeseeeseeeneeeeeeeees aieedie anes: 3-126 
UltraLogic™ 32-Macrocell Flash CPLD ...............cccceeee ere Ssacesnaesiecvnas. 3-68 
UltraLogic™ 64-Macrocell Flash CPLD ...............ccceceeteceeeeeeeeeeeteeeserenenees 3-127 
UltraLogic™ 64-Macrocell Flash CPLD. ..............ccccceeseeeeeeeeeeeeeeeeeeneeeeereeees 3-77 
UltraLogic™ 64-Macrocell Flash CPLD ............cccseeeeeeeeeeeeeeeeeeeeenneeneeens 3-128 
UltraLogic™ 64-Macrocell Flash CPLD ........ ec eeeeeeeseeeneenees Weigsiae O20 
UltraLogic™ 128-Macrocell Flash CPLD .0.........c cee eeeeeeeeeeeeeeeceetereeneesnenees 3-129 
UltraLogic™ 128-Macrocell Flash CPLD ................ cee eeeeeeeeeeeteeeeteeeeeeeeeeees 3-96 
UltraLogic™ 128-Macrocell Flash CPLD ..........::ccccceessssseeeeeesesesseeeeeeeeeees 3-130 
UltraLogic™ 128-Macrocell Flash CPLD ......... b caieaaidezieuedodeh Cac wuatutaadincasas 3-107 
UltraLogic™ High-Density Flash CPLDS ............. ee ceeeeeeeeeeeeeeeeeeeeeeeeeens 3-119 
UltraLogic™ High-Density Flash CPLDS ................. cee eeeeeeeeeeseeteeeeseeeeeeeeees 3-60 
Reprogrammable CMOS PALC 16L8, 16R8, 16R6, 16R¢4 .................c0 2-7 
Reprogrammable CMOS PAL® DeVICE ........ccccececeeesesseeseesneneneneneees rarer 2758 
Reprogrammable CMOS PAL® DeViCe ................c:ccceceeeeeeeeeeeeeetenenenene enone 2-60 
Flash Erasable, Reprogrammable CMOS PAL® Device ................::008 2-62 
Flash Erasable, Reprogrammable CMOS PAL® DeVICe ............. eee 2-8 
Flash Erasable, Reprogrammable CMOS PAL, Device ................: eee 2-18 
Flash Erasable, Reprogrammable CMOS PAL® Device ............. eee 2-48 
CMOS Generic 24-Pin Reprogrammable Logic Device ............ cee 2-29 
CMOS Generic 24-Pin Reprogrammable Logic Device ............cceeeeeeees 2-29 
Reprogrammable Asynchronous CMOS Logic Device ..............:::: eee 2-38 
UltraLogic™ High-Performance CPLDS o....... cee eeseeeeeeseeteeeeeeeesenssnneeeseneenes 3-1 
UltraLogic™ 128-Macrocell ISR™ CPLD ........eeeeeeeesesserreeees icicoemneneatees 3-8 
UltraLogic™ 3.3V 128-Macrocell ISR™ CPLD ........ ee eeeeeeeeeeeeeee renee 3-21 
UltraLogic™ 256-Macrocell ISR™ CPLD 000... eee eeeeseeeseeeeeeeeeneeenseeneneens 3-34 
UltraLogic™ 256-Macrocell 3.3V ISR™ CPLD .0....eeeeeeeeeeeeeeeeereeeees 3-47 


vi 


GENERAL INFORMATION 


SMALL PLDS 


CPLDs 


DEVELOPMENT TOOLS 


APPLICATION NOTES 


QUALITY 


PACKAGES 


Table of Contents Page Number 


General Information 

Cypress SEMICONGUCION BACK GMOUNIG iiss tcsecavessencsauvsecsinsvecseianctencenansanteseedny vest aaeve leans anaasecsnalopseeeeecheseanaevosoacntvanineess 1-1 

COGIC TINT OTEAN ONY esses scden'sGiaccae dusk seis talvoeasneucanues st Seaeds ooesincha ued ois vadanshune asennad aansaceanaamistcisebasehsemenundmeevaineucsensinersae 1-5 

Cypress Semiconductor Bulletin Board System (BBS) ANNOUNCEMENT .............cccceceeseeeeeceneessseeeeteeaeeesesasseesesseeees 1-6 

FFOGUCL-SEISCION GUIDE: carcisrecdeassinsscaavevevecavarta tas ceseoadiaacsneleviean teas cas ead en ee ee Ae oe eo eis 1-7 

FrOduCtEING: COS: FABICLON CE: sicatiiccssaasvervisseteutsvannas valannsiamcenadnte sexdaatonsbewase tevenanengendenua Wa rmainatatemeemeaeartemaamamene 1-33 
1-59 


Cypress Military Products 


Cypress Semiconductor Background 


Cypress Semiconductor Corporation is in its second decade 
as an international, broad-line manufacturer and supplier of 
integrated circuits for a range of growth markets. The compa- 
ny supplies its products to leading providers of data commu- 
nications, telecommunications, personal computer, and mili- 
tary systems worldwide. 


Cypress was founded in 1982 and has grown rapidly and prof- 
itably. In 1990, citing its successful innovation, execution, and 
leadership, Electronic Business magazine named Cypress 
the fastest-growing electronics company in America. The 
company has received honors for excellence in financial man- 
agement, including three Bronze and two Silver awards for 
financial performance from The Wall Street Transcript. Cy- 
press is led by its founder, president and CEO, T. J. Rodgers, 
whose aggressive, visionary management style has gained 
national prominence for the company. Cypress’s sales and 
marketing efforts are directed by Dan McCranie, a 20-year 
industry veteran. 


Today Cypress is an international company with over 2,000 
employees and a worldwide sales network. Corporate head- 
quarters are in San Jose, California. Cypress maintains a site 
on the worldwide web at http://www.cypress.com. Cypress 
enjoys a competitive advantage by continuously improving 
the cost-efficiency and productivity of its operations, and by 
implementing cycle-time and inventory-reduction programs. 
These improvements enable Cypress to compete in high-vol- 
ume, cost-sensitive markets, including those for EPROMs, 
FCT logic, and personal computer cache memories, increas- 
ing sales opportunities and driving the company's rapid 
growth. 


Cypress has made rapid strides in other fast-growing mar- 
kets, entering the high-density programmable logic arena with 
its UltraLogic™ product family and data communications with 
leading-edge physical-layer products for emerging network- 
ing technologies, including ATM (Asynchronous Transfer 
Mode), Fibre Channel, and Fast Ethernet. Cypress also offers 
the hyperCache™ chipset for Pentium®-class personal com- 
puters, the first core logic chipset to incorporate cache mem- 
ory. 


Cypress operates four advanced wafer fabrication facilities, 
with another facility under construction. Its manufacturing 
sites include: 


e Fab | in San Jose, California, the company's first fab, the 
focal point for research and development. 


¢ Fab Il in Round Rock, Texas, the company's largest wafer 
fabrication plant, founded in 1986. 


¢ Fab Ill in Bloomington, Minnesota, founded in 1991. 


¢ Fab IV, adjacent to Fab III in Bloomington. Fab IV is the 
company's first 8-inch wafer fab. 


e Fab V, adjacent to Fab II, under construction and tentatively 
slated to begin production in 1998. 


Cypress Semiconductor Philippines Inc. (CSPI), a 
state-of-the-art assembly and test facility, opened in the third 
quarter of 1996, complementing an existing assembly and 
test facility in Bangkok, Thailand. Cypress also has expanded 
its global design capacity, adding to its original Silicon Valley 
design center facilities in Mississippi, Colorado, Washington, 
Oregon, Minnesota, Texas, England, India, and Germany. 
The Philippines assembly plant has a design facility, and Cy- 
press is forming a team for an anticipated Irish design center. 
With top design talent increasingly difficult to recruit, the new 
international base casts a wider net, reaching out to rapidly 
growing technology centers in Europe, Asia, andthe Pacific 
Rim. 

Cypress was incorporated in California in 1982 and went pub- 
lic in May 1986. Cypress’s stock is listed on the New York 
Stock Exchange, trading under the symbol “CY.” 


Cypress's 1983 business plan outlined a strategy that pro- 
pelled the company's fast growth over its first 10 years. It stat- 
ed, “The basic premise of Cypress is that a multi-disciplinary 
group of founders can quickly put into production a 
state-of-the-art, high-speed CMOS [Complementary Metal 
Oxide Semiconductor] process. This technology will be ap- 
plied to a targeted group of high-speed, high-average-sell- 
ing-price products that will be outperformed significantly by 
Cypress's new CMOS pin-compatible circuits in every mea- 
sure of IC performance: speed, power consumption, yield 
(cost), quality, and reliability.” 


Cypress consistently has outperformed the competition. The 
company attained profitability in 1985, just seven quarters of 
production after the introduction of its initial, flagship product, 
a 1-Kbit, 15-nanosecond SRAM. Cypress went public in 
1986, attracting $77.6 million, at that time one of the largest 
initial public offerings. By year-end 1987, Cypress had recov- 
ered its start-up operating costs and showed a positive cash 
balance. The following year, Cypress topped the $100 million 
mark in revenues, eclipsing $200 million in 1990, $400 million 
in 1994, and currently approaching $600 million. 


Cypress achieves strong results through technological inno- 
vation, solid management and execution. From the start, Cy- 
press’s groundbreaking CMOS technology outperformed 
competitive products that used far more power. Never satis- 
fied, the company has become an industry leader through the 
introduction of newer and faster processing technologies. In 
1987, Cypress implemented one of the first 0.8-micron 
CMOS process technologies, continuing its migration with an 
0.65-micron CMOS process in 1992, and the development of 
world-class BiCMOS and Flash technologies. Cypress main- 
tains its track record of innovation and leadership with the 
production of 0.5-micron CMOS and BiCMOS products, and 
the recent launch of its low-power, high-performance 
0.5-micron RAM3™ process technology. 


Cypress has achieved excellence in its first decade. The com- 
pany's retained earnings (net income from past periods that 
has been retained by the business) ranks among the top U.S. 
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semiconductor companies. Cypress has fostered a strong, 
loyal customer base, built through years of delivering 
high-quality products. The company maintains strong ties 
with the academic community, donating equipment, software 
and technical expertise to target schools under its University 
Program. Cypress also has built one of the industry’s stron- 
gest research and development organizations, positioning it 
to maintain technology leadership and to respond quickly to 
changing market conditions. 


Over the past decade, the semiconductor market has been 
marked by great change and volatility. Electronics are an in- 
tegral part of almost every facet of the economy, and the pro- 
liferation of computer and communications equipment has 
prompted phenomenal industry growth, driving down prices 
and sharpening competition. 


In response, Cypress has adjusted its original strategy of fo- 
cusing almost exclusively on high-end, niche markets. Now 
the company’s strategy is to compete in higher-volume mar- 
kets, maintaining a competitive cost structure and quickly in- 
troducing market-leading products. Cypress has taken a 
number of steps to support this new strategy. Product assem- 
bly and testing was moved offshore, resulting in cost savings 
of more than $100 million in 1995. Cypress has significantly 
reduced the number of product/package types and process 
technologies used in production, resulting in more cost-effec- 
tive manufacturing. Other changes include a cycle-time re- 
duction program and a renewed focus on improving manufac- 
turing yields. | 


Competitive manufacturing costs allow Cypress to adopt a 
“no excuses” strategy for competition in high-volume markets. 
Implicit in this strategy is the desire to compete profitably in 
commodity products at any volume, at any competitive price, 
anywhere in the world. Cypress also will use the process de- 
velopment and yield improvements gained from doing busi- 
ness in high-volume areas to maximize its advantage in other 
product lines. 


Cypress has shifted to a market-oriented approach in recent 
years, serving high-growth, profitable end-user markets such 
as data telecommunications and computation with focused 
product lines. For example, the acquisition of IC Designs in 
1993 provides Cypress with more products developed specif- 
ically for the personal computer market. In the fast-growing 
data communications market, Cypress has designed prod- 
ucts specifically for Ethernet, Fibre Channel, and ATM net- 
working applications. 


Cypress is fast approaching its billion-dollar financial goal 
while maintaining profitable growth. Cypress has the right 
products in the right markets, with solid positioning in three of 
the largest semiconductor markets—personal computers, 
networking, and communications. It is an acknowledged lead- 
er in an industry poised to embark upon a period of breath- 
taking growth. Consider that the annual average sales growth 
rate during the two worst five-year periods in the chip busi- 
ness was 10 percent, and that the industry has averaged 17 
percent growth per year for 35 years. Even if average sales 
growth during the current half-decade falls back to 10 percent, 
the industry's dollar volume still will have grown to $232 billion 
in 2000 from $144 billion in 1995. Another positive sign is the 
chip business’s rising share of world electronic sales. 


Cypress has built a reputation throughout the industry and 
with its customers for providing high performance, high-qual- 
ity products in every market it enters. It continues to bring to 
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market new, leading-edge products, based on Cypress’s 
CMOS, BiCMOS, and Flash process technologies. Cypress 
has 0.8-, 0.65-, and 0.5-micron CMOS and BiCMOS process- 
es, and a 0.65-micron Flash process. These process technol- 
ogies allow Cypress to offer state-of-the-art products, provid- 
ing the optimal balance of speed and power use for any 
system. 


Cypress also offers a broad range of packaging options for its 
products, giving customers a variety of choices in pinout con- 
figurations and temperature grades. In addition, Cypress 
products are designed to meet or exceed the full temperature 
and functional requirements of military products. This means 
that Cypress builds military products as a matter of course, 
rather than having to redesign to meet rigorous military spec- 
ifications. The company received full military Qualified Manu- 
facturer List (QML) certification in 1996. 


Segmented into five divisions, Cypress offers products that 
are mainstays in a broad range of industries and markets. 
They are used in personal computers, workstations, servers, 
and super-minicomputers; telecommunications; data com- 
munications; networking products; military applications; and 
test and measurement equipment. 


Static Random Access Memories 


Cypress is a market-leading supplier of SRAMs, providing a 
wide range of products for leading companies worldwide. 
SRAMSs, which comprise the company's largest product seg- 
ment, are used in high-performance personal computers, 
workstations, telecommunications systems, industrial sys- 
tems, instrumentation devices, and networking products. Cy- 
press's low production costs allow the company to compete 
effectively in high-volume markets for SRAMs, including data 
communications and telecommunications, and cache RAMs 
to support today's high-performance microprocessors such 
as Pentium and PowerPC. Cypress’s patented RAMS archi- 
tecture produces the industry's best low-voitage products 
with high alpha immunity, making them ideal for mobile appli- 
cations that require extended battery life, and for datacom 
and telecom applications demanding exceptional data reli- 
ability. 


Among the first RAM3 products are the CY7C 1335 3.3-volt 
32K x 32 synchronous-pipelined SRAM for Pentium cache, 
and the CY7C1337, a companion product with 2.5-volt I/O for 
Pentium Pro® processors. Cypress also is rolling out a 
1-megabit SRAM designed for the military with 15 ns access 
and a 64K x 8 SRAM targeted specially for disk drive applica- 
tions. 


¢ Multichip Modules—Modules are semiconductor chips 
mounted on tiny computer circuit boards. They rely on in- 
novative surface-mount technology, minimizing necessary 
board space. Multichip-module technology allows engi- 
neers to design systems using integrated circuits a gener- 
ation ahead of current production technology, simply plug- 
ging a new chip into an existing multichip-module socket. 
This allows companies to bring products to market more 
quickly, offering them a competitive advantage. Cache 
modules for personal computers are the mainstay of this 
product line; Cypress supplies modules for many of the 
leading PC manufacturers worldwide. 


Programmable Logic Devices 


With increasing pressure on systems designers to bring prod- 
ucts to market more quickly, the demand for programmable 
logic devices (PLDs) is surging, particularly in the communi- 
cations and consumer-electronics businesses. PLDs are log- 
ic-control devices that can be easily programmed by engi- 
neers in the field and later erased and reprogrammed. This 
allows designers to make key systems changes late in the 
development cycle. 


e UltraLogic—Cypress's UltraLogic product line addresses 
the high-density programmable logic market. UltraLogic in- 
cludes the highest-performance complex PLDs, the 
FLASH370i™" family. This product family is supported by Cy- 
press's VHDL (Very high-speed integrated circuit Hard- 
ware Description Language) based Warp”, the industry's 
most advanced software design tool. Cypress pioneered 
the use of VHDL for PLD programming, and Warp software 
is a key factor in the company’s success in the PLD market. 
A textbook by Cypress applications engineer Kevin Skahill, 
“VHDL for Programmable Logic,” is gaining acceptance in 
universities worldwide. 


Small PLDs—Cypress is a leading provider of small PLDs 
with a wide range of offerings. The company is committed 
to competing in all segments of the PLD market, including 
small, industry-standard devices such as the 16V8, 20V8, 
and 22V10; along with CPLDs. Similarly, Cypress’s selec- 
tion of tools and software for PLD programming is among 
the broadest in the business. 


Non-Volatile Memory 


Non-volatile memory stores information even when power is 
turned off. It is used to store program code for a variety of 
applications, including computers, peripherals, and commu- 
nication devices. Cypress is a long-term supplier of 
high-speed, non-volatile memory, and is continuing to add 
new products to its portfolio, demonstrating its strong commit- 
ment to the market. 


¢ Programmable Read-Only Memories—Cypress offers a 
wide range of CMOS PROMs and EPROMs (Erasable 
PROMs). Like PLDs, they are programmable (some of 
them are reprogrammable) expediting the design process. 
Cypress owns a large share of the high-speed CMOS 
PROM market, and now competes in the mainstream 
EPROM market. 


Data Communications Division 


Cypress’s presence in the fast-growing datacom business un- 
derscores its new market-driven orientation. The company 
supports high-speed data communications with a range of 
products from the physical-connection layer to system-level 
solutions. 


¢ Specialty Memory—Cypress produces a variety of 
First-In/First-Out (FIFO) memories, used to pass data be- 
tween systems operating at different frequencies, and 
Dual-Port memories, used to distribute data to two different 
systems simultaneously. 


¢ ATM and Fibre Channel Devices—HOTLink™ high-speed, 
point-to-point serial communications chips have been well 
received. HOTLink, along with the SONET/SDH Serial 
Transceiver (SST™), addresses the fast-growing ATM and 
Fibre-Channel communications markets. 
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¢ Ethernet Devices—Cypress has moved to support the 
Ethernet market with the introduction of the CY7C971 
100BaseT-4 Fast Ethernet Transceiver and the CY7B8392 
transceiver for coaxial cable Ethernet networks. These 
products address the fastest-growing networking stan- 
dards with leading-edge solutions while remaining compat- 
ible with slower transmission protocols. 


e RoboClock™—The data communications division also pro- 
duces RoboClock, a programmable skew clock buffer that 
adjusts complex timing control signals for a broad range of 
systems. 


Computation Products Division 


Focused on the high-volume, high-growth desktop-computer 
market, computation products is the second of Cypress’s 
market-oriented divisions. It offers timing technology products 
used widely in personal computers and disk drives, as well as 
PC chipsets and Universal Serial Bus microcontroller. 


¢ Frequency Synthesis—Cypress clock oscillators control 
the intricate timing of all aspects of a computer system, 
including signals for the computer's central processing unit 
(CPU), keyboard, disk drives, system bus, serial port, and 
real-time clock. They replace all of the metal-can oscillators 
used in the system. Cypress also has introduced a family 
of programmable clock generators that offer a close-to-uni- 
versal solution for any system requiring multiple clocks. 
EPROM-programmable clock chips allow designers to 
choose custom frequencies, cutting design time and inven- 
tory costs. 


PC Chipsets—Cypress entered the PC chipset market with 
the 1994 acquisition of Contaq Microsystems and recently 
began selling the hyperCache Chipset for Pentium-class 
PCs. hyperCache is the industry's most complete chipset, 
integrating keyboard and mouse control, real-time clock, 
and local-bus enhanced IDE control. It also provides inte- 
grated second-level cache. Appropriate for high-speed per- 
sonal computers, hyperCache offers a high-performance 
solution for other markets, as well, including industrial con- 
trol, medical equipment, telephone-switching equipment, 
test and measurement, and game machines. 


Universal Serial Bus—USB, a technology developed by Mi- 
crosoft and Intel, allows various PC peripherals to commu- 
nicate with the host system via a single interface, eliminat- 
ing cable clutter and offering easy connection of 
peripherals devices. Currently supported by more than 250 
computer, telecommunication, and software companies, 
USB is expected to ship in high volumes beginning in 1997, 
and Cypress aims to be among the first companies to offer 
a line of USB products, beginning with microcontrollers for 
mice, joysticks, and keyboards. 


FCT Logic Devices—FCT (Fast CMOS Technology) logic 
devices are widely used by designers implementing bus 
interface and standard logic functions in high-speed sys- 
tems. Cypress now offers over 50 standard logic and bus 
interface functions in several versions, FCT-T (TTL com- 
patible outputs) and FCT2 (outputs with built-in series re- 
sistors). This broad product family-manufactured on Cy- 
press's high-volume, CMOS manufacturing lines-offers a 
cheaper, cooler alternative to competing BiCMOS solu- 
tions. The FCT logic product line combines with Cypress's 
high-performance SRAM, PLD, data communications, 
PROM, and timing technology devices to offer total solu- 
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tions for designers of ultrafast computer and communica- 
tions systems. 


Cypress recognizes the importance of bringing new, lead- 
ing-edge products to market on a consistent basis. The com- 
pany's “Top 10 Program” tracks the most important new prod- 
ucts through the production pipeline. The development of 
each product is supported by a cross-functional team of en- 
gineering, marketing, and production specialists, with over- 
sight and support provided by a project “godfather,” usually a 
vice president but in some cases CEO T. J. Rodgers. Through 
the Top 10 Program, Cypress has introduced products includ- 
ing HOTLink, the Flash 22V10 SPLD, RoboClock, and many 
others. 


The cornerstone of Cypress's success is the very high quality | 


of its products, services, and people. Cypress has been hon- 
ored for product and service excellence by companies includ- 
ing AT&T, Unisys, Nortel, and Raytheon. Cypress has re- 
ceived the coveted “STACK” Level II certification, awarded to 
companies whose products meet tough standards for quality. 
The company also has received ISO 9000 registration, 
awarded to companies with exacting standards of quality 
management, production, and inspections. In 1996, the De- 
fense Electronics Supply Center (DESC) awarded QML cer- 
tification to Cypress’s military offerings. 


Cypress's corporate structure reinforces quality production, 
maintaining only the highest level of hiring practices, perfor- 
mance benchmarks, and individual employee standards. The 
result is a company that consistently delivers quality products, 
services, and financial results. 


Cypress is well known for its effective, highly automated man- 
agement systems, which are used companywide in areas 
such as manufacturing, purchasing, order-entry, and weekly 
goal tracking for all employees. Cypress’s solid corporate 
leadership has been another important factor in the compa- 
ny's success. T. J. Rodgers, president and CEO, who founded 


the company in 1982, received his Ph.D. in electrical engi-. 


neering from Stanford University in 1975. Citing Rodgers's 
technical expertise and progressive management, The Wall 
Street Journal characterized Cypress as “a quintessential en- 
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trepreneurial company.’ Cypress has received numerous 
awards for excellence in financial management, including a 
Kachina Award from the market-research company, In-Stat 
Inc., and an Encore Award from the Stanford University Busi- 
ness School as Entrepreneurial Company of the Year for 
1988. 


Dan McCranie, vice president of sales and marketing, pro- 
vides exceptional leadership, drawing on more than seven 
years of experience as CEO for a major semiconductor man- 
ufacturer. Chief Financial Officer Manny Hernandez brings 
strong financial leadership with nearly 20 years of experience 
in a broad range of financial positions in the semiconductor 
industry. Jim Kupec, who started at Cypress in 1983-working 
in R&D, product engineering, and operations—is vice presi- 
dent of product divisions. 


Cypress’s culture is a product of the company’s sophisticated 
technology and manufacturing. Operating its own wafer man- 
ufacturing plants, Cypress offers its customers not only reli- 
able, high-quality semiconductors, but, the benefits of an in- 
novative, cost-efficient, quality-driven culture. 


Cypress goes to great lengths to hire and to keep the best 
people available. All employees are granted stock options and 
thereby participate in the success of the company. Also, each 
employee is eligible for quarterly profit sharing bonuses, 
based on corporate targets. 


Cypress trusts its employees to make important decisions 
with a minimum of bureaucracy. In fact, each employee bears 
responsibility for achieving goals known as “critical success 
factors,” which are designed to advance the company's stra- 
tegic plan. Cypress’s automated goals system helps employ- 
ees to maintain focus, pushing decision-making down in the 
ranks. Such empowerment helps Cypress to achieve reve- 
nue-per-employee figures that are among the industry's best. 


Cypress is a company that encourages individuals to do what 
it takes to get the job done, provides them with the proper 
tools to achieve these objectives, and rewards them for their 
efforts. These individuals have made, and continue to make 

Cypress successful. . 


UltraLogic, hyperCache, RAM3, FLASH370i, Warp, SST, HOTLink, and RoboClock are trademarks of Cypress Semiconductor Corporation. 
Pentium and Pentium Pro are registered trademarks of Intel Corporation. 
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Ordering Information 


In general, the ordering codes for products follow the format below; e.g., CY7C128-45DMB, PALC16R8L-35PC 
PAL & PLD 


PREFIX DEVICE SUFFIX FAMILY 
Fpacc! aera!  -o5it mB! PAL 20 


PAL C 16R8 
PAL C 22V10 

PAL CE 16V8 
PLD C 20G10 

CY 70335 
CY 70374i 


LOW POWER PAL 20 

PAL 24 VARIABLE PRODUCT TERMS 
FLASH-ERASABLE PAL20 

GENERIC PLD 24 

UNIVERSAL SYNCHRONOUS EPLD 
FLASH-ERASABLE CPLD 


PROCESSING 
B = MIL-STD-883C FOR MILITARY PRODUCT 
= LEVEL 2 PROCESSING FOR COMMERCIAL PRODUCT 
T = SURFACE-MOUNTED DEVICES TO BE TAPE AND REELED 
R = LEVEL 2 PROCESSING ON TAPE AND REELED DEVICES 


TEMPERATURE RANGE 

C = COMMERCIAL (0°C TO +70°C) 
| = INDUSTRIAL (-40°C TO +85°C) 
M= MILITARY (-55°C TO +125°C) 


PACKAGE 

A =THIN QUAD PLASTIC FLATPACK (TQFP) 

B =PLASTIC PIN GRID ARRAY (PPGA) 

D =CERAMIC DUAL IN-LINE PACKAGE (CERDIP)/BRAZED DIP 
E =TAPE AUTOMATED BONDING (TAB) 

F =FLATPACK (SOLDER-SEALED FLAT PACKAGE) 

G =PIN GRID ARRAY (PGA) 

H =WINDOWED LEADED CHIP CARRIER 

J =PLASTIC LEADED CHIP CARRIER (PLCC) 

K =CERPACK (GLASS-SEALED FLAT PACKAGE) 

L =LEADLESS CHIP CARRIER (LCC) 

N =PLASTIC QUAD FLATPACK (PQFP) 

P =PLASTIC DUAL IN-LINE (PDIP) 

Q =WINDOWED LEADLESS CHIP CARRIER (LCC) 

Q =QUARTER SIZE OUTLINE PACKAGE (for PALCE16V8 and PALCE20V8 only) 
R =WINDOWED PIN GRID ARRAY (PGA) 

S =SOIC (GULL WING) 

T =WINDOWED CERPACK 

U =CERAMIC QUAD FLATPACK (CQFP) 

V =SOIC (J LEAD) 

W=WINDOWED CERAMIC DUAL IN-LINE PACKAGE (CERDIP) 
X =DICE (WAFFLE PACK) 

Y =CERAMIC LEADED CHIP CARRIER 

BG=BALL GRID ARRAY 


SPEED (ns or MHz) 


L = LOW-POWER OPTION 
B,D = REVISION LEVEL 
V = 3,3V LOW-POWER OPTION 


Cypress FSCM #65786 


1-5 


9 
» 


TR 


7 CYPRESS 


Cypress Semiconductor Bulletin Board — (BBS) 
Announcement 


" 


Cypress Semiconductor supports a 24-hour electronic Bulletin Board System (BBS) that allows Cypress 
Applications to better serve our customers by allowing them to transfer files to and from the BBS. 

The BBS is set up to serve in multiple ways. One of its purposes is to allow customers to receive the most 
recent versions of Cypress programming software. Another is to allow the customers to send PLD pro- 
gramming files that they are having trouble with to the BBS. Cypress Applications can then find the errors 
in the files, correct them, and place them back on the BBS for the customer to download. The customer 
may also ask questions in our open forum message area. The sysop (system operator) will forward these 
questions to the appropriate applications engineer for an answer. The answers then get posted back into 
the forum. | 


Communications Set-Up 
The BBS uses USRobotics HST Dual Standard modems capable of 14.4-Kbaud rates without compres- 
sion and rates upwards of 19.2-Kbaud with compression. It is compatible with CCITT V.32 bis, V.32, V.22 
(2400-baud), Bell 212A (1200-baud), CCITT V.42, and CCITT V.42 bis. It also handles MNP levels 2, 3, 
4, and 5. 
To call the BBS, set your communication package parameters as follows: 
Baud Rate: 1200 baud to 19.2 Kbaud. Max. is determined by your modem. 

Data Bits: 8 

Parity: None (N) 

Stop Bits: 1 
In the U.S. the phone number for the BBS is (408) 943-2954. In Japan the BBS number is 81-423-69-8220. 
In Europe the BBS number is 49-810-62-2675. These numbers are for transmitting data only. 
If the line is busy, please retry at a later time. When you access the BBS, an initial screen with the following 
statement will appear: 

Rybbs Bulletin Board 

After you choose the graphics format you want to use, the system will ask for your first and last name. If 
you are a first-time user, you will be asked a few questions for the purposes of registration. Otherwise you 
will be asked for your password, and then you will be logged onto the BBS, which is completely menu 
driven. 
If you have any problems or questions regarding the BBS, please contact Cypress Applications at (408) 
943-2821 (voice). 
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Fast Static RAMs 


C) 


Organization/Density 


a2 7C167A | 7C168A 
64K to72K | 7C187 | 7C164 
7C166 


256K to 288K | 7C197 


701007 | 7C106A/ 7C0109/ 701335 + 
701006 701009 701337 + 

62128 701032 * 

701332 * 


+ Synchronous-pipelined * Synchronous 


Fast Static RAMs 


Operating 
Organization Voltage Part Number Max. Speed (ns) Packages 


16x 4—Non-inverting 45V-5.5V CY27S07A tan = 35 


4.5V-5.5V CY7C122 DPS 
4.5V-5.5V CY7C123 PV 
4.5V-5.5V CY9122/91L22 
4.5V-5.5V CY93422A/93L422A 

4K x 1—CS Power-Down 4.5V-5.5V CY7C147 

4K x 1—CS Power-Down 4.5V-5.5V CY2147/21L47 

1K x4—CS Power-Down 4.5V-5.5V CY7C148 

1Kx4—CS Power-Down 4.5V-5.5V CY2148 


701399 


701399V 
62256 
62256V 


1Kx4 4.5V-5.5V CY7C149 


1Kx4 4.5V-5.5V CY2149/21L49 
1K x 4—Separate I/O, Reset 4.5V-5.5V CY7C150 

2K x 8—CS Power-Down 4.5V-5.5V CY7C128A 

2K x 8—CS Power-Down 4A5V-5.5V CY6116A 
16K x 1—CS Power-Down 4.5V-5.5V CY7C167A 

4K x4 CS Power-Down 45V-5.5V CY7C168A 

8K x 8—CS Power-Down 4.5V-5.5V CY7C185/185A 
8K x 8—CS Power-Down 45V-5.5V CY7C186/186A 
64K x 1—CS Power-Down 4.5V-5.5V CY7C187/187A 
16K x 4—CS Power-Down 4.5V-5.5V CY7C164/164A 


Note: Please contact a Cypress Representative for product availability. 
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Operating 
Organization Voltage Part Number Max. Speed (ns) Packages 


16K x 4—Output Enable 4.5V-5.5V CY7C166/166A 
L,P 


32K x 8—CS Power-Down 4.5V-5.5V CY7C198 


32K x 8—CS Power-Down 4.5V-5.5V CY7C199 D,L,P,S,V,Z 
32K x 8—CS Power-Down (3.3V) 3.0V-3.6V CY7C1399 V,Z 

32Kx8 CS Power-Down (3.0V) 2.7V-3.3V CY7C1399V V,Z 
64K x 4—CS Power-Down 4.5V-5.5V CY7C194 D,P,V 


CY7C196 
CY7C191 


64K x 4—CS Power Down with OE 
64K x 4—Separate I/O, Transparent Write 
64K x 4—CS Power-Down w/ OE 4.5V-5.5V CY7C195 
256K x 1—-CS Power-Down 4.5V-5.5V CY7C197 


288K | 32Kx9—CS Power-Down 4.5V-5.5V CY7C188 


512K | 64Kx8-CS Power-Down 4.5V-5.5V CY7C1512 
512K | 32Kx16-Asynch 4.5V-5.5V CY7C1020 
512K | 32Kx16-Asynch 3.0V-3.6V CY7C1020V 
64K x 18—Burst 4.5V-5.5V CY7C1031 
64K x 18—Burst 4.5V-5.5V CY7C1032 
128K x 8—CS Power-Down 4.5V-5.5V CY7C109/ 1009 
256K x 4—CS Power-Down 4.5V-5.5V CY7C106A/ 1006 
1Mx 1—CS Power-Down 4.5V-5.5V CY7C1007 
64K x 16-Asynch 4.5V-5.5V CY7C1021 
64K x 16-Asynch 3.0V-3.6V CY7C1021V taa= 12 

32K x 32-Synch-Pipelined (3.3V) 3.14V-3.6V CY7C1335 tco =5.5ns 
32K x 32-Synch-Pipelined (2.5V) 3.14V-3.46V CY7C1337 tco = 5.0ns 


64Kx32-Synch-Pipelined (3.3V) 3.14V-3.46V CY7C1329 tcp =5.5ns 
64Kx32-Synch-Pipelined (2.5V) 3.14V-3.46V CY7C1330 teo = 5.0ns 


LERV 
V 
D,P,V 
D, P, V 


4.5V-5.5V 
4.5V-5.5V 


tcpv=7(@ OpF) 
tcpv=7 (@ OpF) 
tag=2 


taa=12 
taa=12 
taa=12 


A 


A 
A 


1M 
2M 
2M 


Note: Please contact a Cypress Representative for product availability. 
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Power Max CMOS 
Organization | Operating Voltage Part Number Grade Max. ICC Standby (ISB2) Packages 


4.5V-5.5V CY62256 Std. P, RZ, SN, Z 
4.5V-5.5V CY62256 P,RZ, SN, Z 
4.5V-5.5V CY62256 RZ, SN, Z 
2.7V -3.6V CY62256V RZ, SN, Z 
2.7V -3.6V CY62256V RZ,S, SN,Z 
2.7V-3.6V CY62256V RZ, SN, Z 
2.3V-2.7V CY62256V25 SN,Z 
2.3V-2.7V CY62256V25 SN, Z 
128Kx8 4.5V-5.5V CY62128 25 mA RZ, S, V,Z 
128Kx8 4.5V-5.5V CY62128 250 pA* RZ, S,Z 
128Kx8 4.5V-5.5V CY62128 30 uA* RZ,S,Z 
128Kx8 2.7V -3.6V CY62128V 1 mA* S,Z 
128K x8 2.7V -3.6V CY62128V | 200 1A* S,Z 
128Kx8 2.7V -3.6V CY62128V 20 wA* S,Z 


* Advanced Information 


Note: Please contact a Cypress Representative for product availability. 
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Dual-Port RAMs 

e True Dual-Ported memory cells which allow simul- ¢ TQFP/PQFP/PLCC packaging available on all 
taneous reads of the same memory location - densities 

¢ High speed access: 15ns_ e Various arbitration schemes available (Busy, In- 

e Low power ; terrupt, Semaphore) : : 


Automatic power down 


Dual-Port RAM Product Portfolio 


x16/18 700241 700251 


70133/143 70024 70025 


y 
20 
( 


x8/9 70139 7014570016 
Cakx8_) BKXB 
70130/140  70132/142 += 7C134/8 70144 7C006 
7C131/141  7C136/146 WORD DENSITY 


Dual-Port RAMs 


[sie | ___ Organization 


1K x 8—Dual-Port Master 48 CY7C130 tana = 25, 30, 35, 45, 55 170 @ 25 
1Kx8—Dual-Port Slave 48 CY7C140 tan = 25, 30, 35, 45, 55 170 @ 25 
1K x 8—Dual-Port Master 52 CY7C131 tan = 25, 30, 35, 45, 55 170 @25 
1Kx 8—Dual-Port Slave 52 CY7C141 tana = 25, 35, 55 170 @ 25 
2K x 8—Dual Port Master 48 CY7C0132 tag = 25, 30, 35, 45, 55 170 @ 25 
2K x 8—Dual-Port Slave 48 CY7C142 tan = 25, 30, 35, 55 170 @ 25 
2K x 8—Dual-Port Master 52 CY7C136 tan = 25, 30, 35, 45, 55 170 @ 25 
2K x 8—Dual-Port Slave 52 CY7C146 taa = 25, 35 170 @ 25 
4K x 8—Dual-Port, w/Semaph 52 CY7C1342 taa = 20, 25, 35, 55 240 @ 20 
2K x 16—Dual-Port Slave 68 CY7C143 taa= 15, 25, 35, 55 170 @25 


2K x 16—Dual-Port Master 68 CY7C133 taa= 15, 25, 35, 55 170 @ 25 
4K x 8—Dual-Port, w/ Semaph, Busy, Int 64, 68 CY70138 taa = 15, 35, 55 260 @ 15 
4K x 8—Dual-Port, No Arbitration 52 CY7C135 taa = 20, 25, 35, 55 240 @ 20 


4K x 9—Dual-Port, w/ Semaph, Busy, Int 68, 80 CY7C139 taa = 15, 25, 35, 55 260 @ 15 
8K x 8—Dual-Port, w/ Semaph, Busy, Int 64, 68 CY7C144 taa = 15, 25, 35, 55 260 @ 15 
8K x 9—Dual-Port, w/ Semaph, Busy, Int 68, 80 CY7C145 taa = 15, 25, 35, 55 260 @ 15 
4K x 16—Dual-Port, w/ Semaph, Busy, Int 84,100 | CY7C024 taa = 15, 25, 35, 55 280 @ 15 
4K x 18—Dual-Port, w/ Semaph, Busy, Int 84, 100 CY7C0241 tana = 15, 25, 35, 55 280 @ 15 
8K x 16 —Dual-Port w/ Semaph, Busy, Int 84,100 | CY7C025 taa=15, 25, 35, 55 280 @ 15 
8K x 18 —Dual-Port w/ Semaph, Busy, Int 84,100 | CY7C0251 taa=15, 25, 35,55 280 @ 15 
16K x 8—Dual-Port w/ Semaph, Busy, Int 64, 68 CY7C006 taa=15, 25, 35, 55 260 @ 15 
16K x 9—Dual-Port w/ Semaph, Busy, Int 68, 80 CY7C016 taa=15, 25, 35, 55 260 @ 15 


Note: Please contact a Cypress Representative for product availability. 
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¢ x32-Bit Standard SRAM 
° x8-, x16-, and x24-Bit Standard SRAM 


¢ x32-Bit Standard SRAM 
Icc/sp/lccpr 
Part Number Speed (MHz) (mA @ ns) a 


Secondary Cache Subsystems 


Organization 


P54C Cache (Intel Neptune) 
P54C Cache (Intel Neptune) 
P54C Cache (Intel Triton) 

P54C Cache (Intel Triton) 

P54C Cache (Intel Triton I!) 
P54C Cache (Intel Triton Il) 
P54C Cache (Intel Triton Il ETag) 
P54C Cache (Intel Triton Il ETag) 
P54C Cache (Intel Triton Il) 
P54C Cache (Intel Triton Il ETag) 
P54C Cache (OPTi Viper) 

P54C Cache (OPTi Viper) 

P54C Cache (OPTI Viper) 

P54C Cache (VLSI 590) 

P54C Cache (VLSI 590) 

Power PC 

Power PC 

Power PC 

Power MAC 


CYM74SP54 
CYM74SP55 
CYM74S430 
CYM74S431 
CYM74P430B 
CYM74P431B 
CYM74P434B 
CYM74P435B 
CYM74P436 
CYM74P438 
CYM74P550A 
CYM74S550 
CYM74S551 
CYM74S590 
CYM74S591 
CYM76A256 
CYM76S512 
CYM76S641 
CYM76S681 


Note: Please contact a Cypress Representative for product availability. 


fmax=60, 66 MHz 
fmax=60, 66 MHz 
50, 60, 66 MHz 
50, 60, 66 MHz 
50, 60, 66 MHz 
50, 60, 66 MHz 
50, 60, 66 MHz 
50, 60, 66 MHz 
50, 60, 66 MHz 
50, J60, 66 MHz 
50, 60, 66 MHz 
50, 60, 66 MHz 
50, 60, 66 MHz 
60, 66 MHz 

60, 66 MHz 

50, 60, 66 MHz 
50, 60, 66 MHz 
50, 60, 66 MHz 
66 MHz 
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SRAM Modules (continued) 


x8-, x16-, and x24-Bit SRAM Modules 


Icc/sp/ccpr 
Organization Part Number Speed (ns) (mA @ ns) Packages 
60 PZ 


256K x 8—-JEDEC Sep I/O CYM1441 taa =20, 25, 35, 45 960 @ 25 


512K x 8—JEDEC CYM1464 taa =20, 22, 25, 30, 35, 45, 55, 350 @ 20 PD 
512K x8—JEDEC CYM1465 taa= 70, 85, 100, 120, 150 110 @ 70 PD 


2Mx8 CYM1481 tan =85, 100, 120 110 @ 85 PS 
64Kx 16 CYM1622 taa= 15, 20, 25, 30, 35, 45 400 @ 25 PV 
32K x24 CYM1720 taa= 15, 20, 25, 30, 35 330 @ 25 PZ 
64Kx 24 CYM1730 taa=25, 30, 35 510 @ 25 PZ 


x32-Bit Standard SRAM Module Family 


| Icc/sp/Iocpr 
Organization Part Number Speed (ns) (mA @ ns) Packages 


512K 16K x 32 64 CYM1821 taa = 20, 25, 35, 45 720 @ 20 PM, PZ 
2M 64K x 32 64 CYM1831 taa = 15, 20, 25, 35, 45 720 @ 25 PM, PN, PZ 


4M 128K x 32 64 | CYM1836 taa=20, 25, 35, 45 480 @ 20 PM, PZ 
taa=15 760 @ 15 


taa = 25, 30, 35 720 @ 25 
taa=20, 25, 30, 35, 45, 55 1120 @ 25 


HG 
PD 


66 
60 


CYM1838 
CYM1840 


4M 
8M 


128K x32 
256K x 32 


8M 256K x 32 64 | CYM1841A tan =25, 35,45, 55 960 @ 25 PM, PN, PZ 
tan =20 1120 @ 20 
1600 @ 12 


tan = 12,15 


8M 256K x 32 (72-pin Superset) CYM1841AP7 taa=12, 15, 20, 25, 35, 45 960 @ 25 PM 
1120 @ 20 
1600 @ 15 
512K x 32 (72-pin Superset) CYM1846 taa= 15, 20, 25, 30, 35 800 @ 20 PM, PZ 
1Mx 32 (72-pin Superset) CYM1851 taa = 15, 20, 25, 30, 35 1200 @ 20 PM, PN, PZ 


DRAM Controller Modules 


BusWidth | PartNumber Speed (WH 


DRAM Accelerator 32-Bit CYM7232 25/33/40 PGC 
DRAM Accelerator 64-Bit CYM7264 25/33/40 PGC 


Note: Please contact a Cypress Representative for product availability. 
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Cypress Programmable Products 


Cypress’s Programmable Logic offering ranges from the in- 
dustry-standard small Programmable Logic Devices 
(SPLDs) to Complex Programmable Logic Devices (CPLDs) 
and High-Density Programmable Logic (HDPL) devices. The 
entire family is supported by the Cypress Warp™ develop- 
ment tools for complete device independence during the de- 


SRAM HDPL2 


SRAM HDPL1 


Ultra37000 CPLD: 


sign cycle. 


PLDs (Small) 


e CMOS Flash and UV erasable technology expertise 


¢ Complete line of SPLDs 


- GAL® architectures like the 16V8, 20V8, PAL20, and 


22V10 


- Application specific architectures in the CY7C330 


family 


e Packaging options include PDIP, PLCC, and LCC 
packages plus the space-saving QSOP package 


PLDs 


Flash370i CPLDs 


MAX340 CPLDs 


DENSITY 


[_ariniomber —[otie) [Fears tars pata 


PALC16L8 
PALC16L8L 
PALC16R4 
PALC16R4L 
PALC16R6 
PALC16R6L 
PALC16R8 
PALC16R8L 
PALCE16V8 
PALCE16V8 
PALCE16V8L 
PLDC20G10 
PLDC20G10B 
PLDC20RA10 
PALCE20V8 
PALCE20V8 
PALCE20V8L 
PALC22V10* 
PALC22V10L* 
PALC22V10B* 
PALC22V10D* 
PALC22V10D* 
PALCE22V10 
PALCE22V10 


CY7C331 
CY7C335 


20/25/35 
25/35 
20/25/35 
25/35 
20/25/35 
25/35 
20/25/35 
25/35 
7.5 
10/15/25 
15/25 
25/35 
15/20/25 
15/20/25/35 
7.5 
10/15/25 
15/25 
20/25/35 
25/35 
15/20 
7.5 
10/15/25 
5/7.5 
10/15/25 


20/25/30/40 
15/20/25 


* Not recommended for new designs. 


28/18 
28/18 
28/18 
28/18 
28/18 
28/18 
28/18 
28/18 
100 
69/45/33 
45/33 
33/18 
45/42/33 
45/42/33/18 
100 
58/45/33 
45/33 
42/33/18 
33/18 
50/42 
100 
77/55/33 
142.8/100 
77/55/33 
27/24/18/14 
50/45/35 


Note: Please contact a Cypress Representative for product availability. 


D, L, P,Q, W 

D, L, P,Q, W 

D, L, P,Q, W 

D, L, P,Q, W 
D,L, P,Q, W 

D, L, P,Q, W 

D, L, P,Q, W 

D, L, P,Q, W 

D, J, L, P 

D, J, L, P QSOP 
D, J, L, P, QSOP 
D, J, L, P, W 

D, J, L, P. W 

D, J, L, PW 

D, J, L, P 

D, J, L, P 

D, J, L, P QSOP 
D, J, L, P,Q, W 
D, J, L, P, Q, W 
D, J, L, P,Q, W 
D, J, L, P 

D, J, L, P 
D,J,L,P 

D, J, L, P 

D, J, P,Q, W 
D, J, RP W 


| 


i 
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Complex PLDs (CPLDs) 


UltraLogic™ FLASH370i™ _ FLASH370i Family Architecture 
In-System-Reprogrammable™ (ISR™). 
State-of-the-art Flash technology for electrical 
erasability. 

Guaranteed routability. 

Unique single product term sharing and steering. 
Architecture provides complete design flexibility 
for user assigned pinouts. Even when you make 
changes to your logic, you will be able to maintain 
the same pin configuration. 

Significant capacity advantages over all other 
CPLD architectures. 

Simple one case timing model for easy design 
and system simulation. 

Everything you liked about the 22V10 now avail- 
able in high-performance, high-density logic. 
ISR versions are upward compatible from earlier 


Inputs | 


Clock Inputs 


devices using existing software tools. <= an 


FLASH370i 


| Part loc/lsp 
Organization . Number Speed (ns) (mA) | Packages 


32-Macrocell ISR Flash CPLD 44 CY7C371i fuaxtpp/tstco=143 MHZ/8.5 ns/5 ns/6 ns 
32-Macrocell ISR Flash CPLD Low Power | 44 CY7C371iL fuaxpp/ts/teo=83 MHZz/8.5 ns/6.5 ns/6.5 ns 


64-Macrocell ISR Flash CPLD 44, 84,100 | CY7C372i/3i fuax/tep/ts/teg=125 MHz/10 ns/5.5 ns/6.5ns 
64-Macrocell ISR Flash CPLD Low Power 44, 84,100 | CY7C372iL/3iL | fyax/tpp/ts/teg=66 MHz/10 ns/10 ns/10 ns 
128-Macrocell ISR Flash CPLD 84, 100, 160 | CY7C374i/5i fuax/tpp/ts/teo =125 MHz/10 ns/5.5 ns/6.5 ns | 200 
128-Macrocell ISR Flash CPLD Low Powr | 84, 100,160 | CY7C374iL/S5iL | fyyax/tpp/ts/teo = 66 MHz/10 ns/10 ns/10 ns 


MAX340 

e Cypress’s first-generation CPLD remains an e High-volume 0.8u UV-erasable CMOS process. 
innovator in the CPLD market. e Family offers faster and denser devices than 

e Only second-sourced family of CPLDs previous generations of Small PLDs and 
available. EPLDs. 

e Offers a range of general-purpose ¢ CY7C340B devices are 0.65u shrinks of the 
programmable logic that makes it ideal for Original versions offering even faster speed 
replacing large amounts of TTL logic. options. 

MAX340 


Icc/lsp 
___ornzaton | rine _|_Patmber Speed (ne Packages 


32 Macrocell CPLD CY7C344/B tpp/s/co = 15/10/10, 10/6/5 200/150 
64 Macrocell CPLD CY7C343/B tpp/s/co = 20/12/12, 1 2/8/6 135/125 


128 Macrocell CPLD CY7C342/B tpp/s/co = 25/15/14, 12/8/6 250/225 


128 Macrocell CPLD , CY7C346/B tpp/s/co = 25/15/14, 15/10/7 250/225 
192 Macrocell CPLD CY7C341/B tpp/s/co = 25/15/14, 15/10/7 380/360 


Note: Please contact a Cypress Representative for product availability. 
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Complex PLDs (CP LDs) (continued) 


UltraLogic™ Ultra37000™ 

In-System Reprogrammable CPLDs offering high 
density and high performance 

Fully compliant to PCI Local Bus Specification 
Simple timing model for easy design and system 
simulation | 


Uitra37000™ 


128-Macrocell Flash ISR CPLD 84,100, 160 | CY7C37128 
128-Macrocell Flash ISR CPLD 3.3 V | 84, 100, 160 | CY7C37128V 
192-Macrocell Flash ISR CPLD 160, 256 CY7C37192 
192-Macrocell Flash ISR CPLD 3.3 V | 160, 256 CY7C37192V 
256-Macrocell Flash ISR CPLD 160, 256 CY7C37256 
256-Macrocell Flash ISR CPLD 3.3 V | 160, 256 CY7C37256V 
384-Macrocell Flash ISR CPLD 160, 256 CY7C37384 


384-Macrocell Flash ISR CPLD 3.3 V | 160, 256 CY7C37384V 
512-Macrocell Flash ISR CPLD 160, 352 CY7C37512 
512-Macrocell Flash ISR CPLD 3.3 V | 160, 352 CY7C37512V 


Product Selector Guide 


Full JTAG (IEEE 1149.1) compatibility 
Operation at 3.3V or 5V 

Extends the density of Flash CPLDs up to 512 
macrocells 

Supports fixed pin assignments 


INPUTS/ 
CLOCKS 


loc 
Speeds) 
75 A, J 


fmaxtpp/ts/teo=167 MHZ/6.5 ns/3.5 ns/4.5 ns 


fax/tpp/te/too=125 MHz/10 ns/5.5 ns/6.5 ns 


fuax/tpp/ts/teo=154 MHz/7.5 ns/4 ns/4.5 ns 
fuaxtpp/ts/teg=100 MHz/12 ns/6 ns/7 ns 


fuax/tpp/ts/tceo=1 54 MH7z/7.5 ns/4 ns/4.5 ns 
fuax/tpp/ts/teo=1 00 MH7z/12 ns/6 ns/7 ns 
fuaxtpp/ts/teo=125 MHz/10 ns/5.5 ns/6.5 ns 


fuax/tpp/ts/teo=83 MHz/15 ns/8 ns/8 ns 
fuaxitpp/ts/teg=125 MHz/10 ns/5.5 ns/6.5 ns 
fuax/tpp/ts/teg=83 MHz/15 ns/8 ns/8 ns 


Note: Please contact a Cypress Representative for product availability. 


Design and Programming Tools 


The capabilities of our UltraLogic product line—SPLDs, 
CPLDs, and Warp design tools—greatly simplify your de- 
sign effort and let you reach the optimal solution to your 
design problem in the shortest possible time. 


Supports entire Programmable Logic product offering 
Open, IEEE-STD-1164 VHDL (Very-high-speed 
integrated-circuit Hardware Description Language) for 
programmable logic design 

Accepts designs as VHDL text, via schematic capture 
or in any combination of these entry modes 

Shortens the design process through its extraordinary 


Product Selector Guide 


Multiple entry points 
- Warp2, low-cost VHDL tool | 
- Warp2Sim, adds a full timing simulator 
- Warp3, adds schematic entry, VHDL F cenugge’, 
and a full timing simulator 
Impulse3™ programmer is a low cost, engineering 
support programmer 
- Supports all of Cypress’s programmable devices 
- Gives you the ability to prove your design, in silicon, 
with a short cycle time 
InSRKit™ programmer is a low cost program- 


capabilities mer for on-board programming of FLASH370i 
- VHDL source code verification ISR devices 
- Debug e Warp2ISR™ kits together a Warp2with InSRkit 


and CPLD samples for a complete low-cost ISR 


- Graphical waveform simulation and editing 
design and programming solution 


- Graphical timing simulation and analysis 


Design and Programming Tools . 

Warp2® for PC VHDL Design Tool CY3120 
Warp2for Workstation ~ VHDL Design Tool CY3125 
Warp2Sim™ for PC VHDL Design Tool with Simulator CY3122 
Warp2Sim™ for Workstation VHDL Design Tool with Simulator CY3127 
Warp3® for PC VHDL/CAE Design Tool CY3130 
Warp3for Workstation VHDL/CAE Design Tool CY3135 

Abel™ Kit FLASH370i Design Kit for Abel CY3140ABLSW 
Cypress Mentor Graphics Bolt-in Kit - Bolt-In Design Kit for Mentor Graphics CY3144 
Impulse3™ Programmer, High Pin Count Adapter CY3500, CY3501A 
InSRKit™ ISR Programmer for PC CY3600 
Warp2iSR™ VHDL Design Tool with ISR Programmer CY3620 


: ‘Complete ISR CPLD Solutions 


Note: Please contact a Cypress Representative for product availability. 
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Non-Volatile Memories 
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World’s fastest PROMs and EPROMs e PDIP, PLCC, TSOP, CDIP, LCC packages 
4K to 1M density e Registered and x16 versions 
Industry-standard pinouts | e Direct replacement for Bipolar PROMs 
Low-power CMOS technology 


Ultra high-speed Cypress PROMs/EPROMs allow CPUs to execute directly with zero wait states. 


| goo toqqooveooveseossesseqouonooenanoesessososenoooneoets cone m Address Bus on 


Microprocessor/ a (Data ss A im. | Cypress 


| Microcontroller/ ~~ ~ *" | PROM/ EPROM 


Cypress Non-Volatile Memories 


SPEED ns 


200 
120 


EPROMS 90 
70 


55 
45 
35 
25 


64K 128K 256K 512K 1MEG DENSITY 


SPEED ns 


65 
PROMS 55 


45 


35 


= 


15 Registered Re istered 
32K 64K 128K 256K 512K DENSITY 


25 


Registered 


4K 8K 16K 
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Non-Volatile Memories (continued) 


CMOS PROMs 
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Access Time 
=e Organization Part Number ta, (ns) 


1Kx8 
2Kx8 
2Kx8 
2Kx8 
4Kx8 
4Kx8 
8Kx8 
8Kx8 
8Kx8 
8Kx8 
16Kx8 
32Kx8 
16Kx 16 


CMOS Registered PROMs 


CY7C281A 
CY7C291A/AL 


CY7C292A/AL 
CY7C293A/AL 


25/30/45 
20/25/35/50 


20/25/35/50 
20/25/35/50 


300-mil DIP 


300-mil DIP 


600-mil DIP 
Power-Down 


CY7C243 


CY7C244 


CY7C261 
CY7C263 
CY7C264 
CY7C266 
CY7C251 


CY7C271A 


CY7C276 


20/25/35/45/55 
20/25/35/45/55 
20/25/35/45/55 
20/25/35/45/55 
20/25/35/45/55 
20/25/35/45 
45/55/65 


25/30/35/45/55 
25/30/35 


CMOS EPROMs 


CY7C225A 
CY7C235A 


18/25/30/35/40 
18/25/30/40 


CY7C245A/AL | 15/18/25/35/45 


CY7C265 
CY7C269 
CY7C277 
CY7C287 


15/25/40/50 
15/25/40/50 
30/40/50 
45/55/65 


300-mil DIP 
600-mil DIP 
Power-Down 
300-mil DIP 
600-mil DIP 
EPROM Pin Out 
Power-Down 


Power-Down 
16 Bit Word Wide 


Clock-to-Out 
~ teo (Ns) 


12/12/15/20/25 
12/12/15/20 
10/12/12/15/25 
12/15/20/25 
12/15/20/25 
15/20/25 
15/20/25 


Pin Access Time 
sale Organization | Count | PartNumber taa (ns) 


8Kx8 
16Kx8 


32Kx 8 
32Kx8 


64Kx 8 
64Kx 8 
128K x8 
128K x8 
32Kx 16 


64K x 16 


* Available 2Q97 


CY27C64 
CY27C128 
CY27C256A 
CY27H256 
CY27C512 
CY27H512 


CY27C010 
CY27H010 
CY27C516* 


CY27C01024* 


45/55/70/90/120/150/200 
45/55/70/90/120/150/200 
45/55/70/90/120/150/200 
25/30/35 

45/55/70/90/120/150/200 
25/30/35 

45/55/70/90/120/150/200 
25/30/35 

45/55/70/90/120/150/200 
45/55/70/90/120/150/200 


Note: Please contact a Cypress Representative for product availability. 


High Speed, CY7C266 Algorithm 
High Speed, Cypress Proprietary Algorithm 


Industry Standard Algorithm 
High Speed, Industry Standard Algorithm 
Industry Standard Algorithm 
High Speed, Industry Standard Algorithm 


Industry Standard Algorithm 
High Speed, Industry Standard Algorithm 
Industry Standard Algorithm 
industry Standard Algorithm 
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HOTLink Transmitter 

HOTLink Receiver 

HOTLink Evaluation Card 

SMPTE Encoder 

SMPTE Decoder 

SONET/SDH LAN Serial Transceiver 
SONET/SDH WAN Serial Transceiver 
SONET/SDH LAN Framer/Transceiver 
10BASE 2/5 Ethernet Coax Transceiver 
10BASE-T Repeater 

10BASE-T MIB 

10BASE- FL Fiber Transceiver 
10BASE-T to FL Convertor 

Fast Ethernet 100BASE-T4 Transceiver 
Fast Ethernet 100BASE-TX Transceiver 
Fast Ethernet 100BASE-T Repeater 

* Interface: C-Coax; T-twisted pair; F-fiber 


CY7B923 and CY7B933: HOTLink™ 
Transmitter/receiver chipset 

155-400 Mb/s operation 

Fibre Channel/ESCON™ compliant 
On-chip 8B/10B encoding/decoding 
Built-In Self-Test (BIST) 

Evaluation boards available (CY9266) 
Users Guide available 


3 

N/A 

44 

100, 84 
24 

24 


CY7B923 
CY7B933 
CY9266 
CY7C9235 
CY7C9335 
CY7B951 
CY7B952 
CY7C955 
CY7B8392 
CY7C981 
CY7C987 
CY7B4663 
CY7B4665 
CY7C971 
CY7C972 
CY7C9700 


CY7B9235/9335: SMPTE Encoder/Decoder for Video ap- 


155-400 
155-400 
155-400 
155-400 
155-400 
51 & 155 
51 & 155 
51 &155 
10 

10 

10 

10 

10 

10 &100 
100 
10&100 
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CY7B8392: Low-power Coax Transceiver 
for 10 Mbps Ethernet applications 
e Pin compatible to industry standard 8392 
e 10BASE5 and 10BASE2 applications 
e Auto Attachment Unit Interface (AUI) 
e Hybrid collision detection 


CY7B4663: 10BASE-FL Transceiver 
for Ethernet applications 
e Pin compatible ML4663 


plications oa Hi Seas 
¢ Compliant to SMPTE-259M and DVB-ASI ow power. Idle current < /0M 
standards ¢ 100mA LED driver 


e Works with HOTLINK receiver/transmitter 


CY7B951: SONET/SDH LAN Serial Transceiver 
e SONET/SDH and ATM compatible 
¢ OC-1 (51.8 MHz) and OC-3 (155.5 MHz) clock/ 
data recovery 
e Meets LAN Bellcore specifications 
e Loop-back testing 


CY7B952: SONET/SDH WAN Serial Transceiver 
¢ SONET/SDH and ATM compatible 
e OC-1 (51.8 MHz) and OC-3 (155.5 MHz) clock/ 
data recovery 
e Meets WAN Bellcore specifications 
e Loop-back testing 


CY7C955: SONET/SDH Framer/Transceiver 

e¢ Pin compatible to PMC Sierra 5346 (S/UNI-Lite) 

e SONET/SDH and ATM compatible 

e OC-1 (51.8MHZz) and OC-3 (155.5 MHz) framer/ 
clock/data recovery 


Note: Please contact a Cypress Representative for product availability. 


CY7B4665: 10BASE-T to 10OBASE-FL Convertor 
for Ethernet applications 

e Pin compatible ML4665 

e Low power: Idle current < 70mMA 

e Integrated quantizer and LED driver 


CY7C981: 10BASE-T Mulitport Repeater 
for Ethernet applications 
e Pin compatible to AM79C981 
e¢ Fully IEEE 802.3 compliant 
e Interfaces with CY7C987 to form fully managed 
repeater 


CY7C987: 10BASE-T MIB 
for Ethernet applications 
e Pin compatible to AM79C987 
e Interfaces with CY7C981 to form fully managed 
repeater 
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Communication Products (continued) 


CY7C971: 100BASE-T4/10BASE-T 

Fast Ethernet Transceiver 

Three operating modes:100BASE-T4, 
10BASE-T Full Duplex, 1OBASE-T 
Media Independant Interface (MIl) 
N-way auto negotiation 

Receive filter/Adaptive equalization 
Low latency repeater mode 

Category 3 wiring 


Point-to-Point HOTLink 


Serial Bit Stream 
160-330 Mbits/Sec 


Parallel Data 


Parallel 
16-33 Mbytes/Sec 


Data 


CY7B933 
HOTLink 
Receiver 


CY7B923 
HOTLink 
Transmitter 


ee oe” 
Media: 
Fiber 
Coax 
Twisted-pair 


Note: Please contact a Cypress Representative for product availability. 
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CY7C972: 100BASE-TX 

Fast Ethernet Transceiver 

¢ Supports 100 MHz operation 
e Category 5 wiring 

CY7C9700: 100BASE-T Repeater for Ethernet applications 
e 12+ 1 port 

Expansion Port Interface 

T4 and TX capable 


Mil Interface 
Point to point stackable option 


Cypress 100BASE-T4 Ethernet Transceiver 


CY7C971 
Transceiver 


10/100 


Transformers 
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Synchronous: Asynchronous: 
¢ 100 MHz operation ¢ 10-ns access time 
e Low power e Industry-standard operation and pinout 
e Programmable flags e Densities up to 32Kx9—all densities pin compatible 
¢ All densities pin compatible (up to 128Kx9 or 64Kx18) e TQFP packaging 
e TQFP packaging 
Clocked: 


¢ 83 MHz operation 
e Low power 
e PLCC/PQFP Packaging 


FIFO Product Portfolio 
MHz ‘. ee asian: Shame Beate “Sele aude. agian — semnly. Shite aed: Take see: ewe! eae ehed eas ae Ines. “ieomen, |Salad’ —Taentroke< aaomnen nigaesee:, Taateokes.  leabilon Tannin Suen? <ahdone yates”. Sataee: cai ~~) 
: SYNCHRONOUS 
100 FS | 
. 7C4801 704811 704821 704831 704841 704851 , 
i 704425 704205 704215 704225 704235 704245 704255 7C4265 704275 Ge 


SRO OR OOOO 


[7caaet —7c4201_ oat 7eaeet 704231704241 704261 704261 704271704281 _ 74291 
a3 Cikt8) | 
7C455 7C456 7C457 
70441/51 7C443/53 7C454 CLOCKED 


50 


E iv ‘ 
hen 70419 70421 SS = — 


70460 70462 70464 
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25 


_7Ca012/s/4 | 70439 WORD DENSITY 


BOG 


64 256 512 1K 2K 4K 8K 16K 32K 64K 128K 


Note: Please contact a Cypress Representative for product availability. 
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FIFOS (continued) 
Synchronous FIFOs 


RM 


Organization . 
64 x 9—Synchronous 
256 x 9—Synchronous 
512 x 9—Synchronous 
1K x 9— Synchronous 
2K x 9—Synchronous 
4K x 9—Synchronous 
8K x 9—Synchronous 
64 x 18—Synchronous 
256 x 18—Synchronous 
512 x 18— Synchronous 
1K x 18—Synchronous 
2K x 18—Synchronous 
4K x 18—Synchronous 
16K x 9—Deep Sync 
32K x 9—Deep Sync 
8K x 18—Deep Sync 
16K x 18—Deep Sync 
64K x 9—Deep Syncll 
128K x 9—Deep Syncll 
32K x 18—Deep Syncll 


64K x 18—Deep Syncll 
256 x 9 Double Sync 
512 x9 Double Sync 
1K x 9Double Sync 

2K x 9 Double Sync 

4K x 9Double Sync 

8K x 9Double Sync 


Clocked FIFOs 


512x9—Clocked 285, 32 
512x9—Clocked w/ Prog. Flags 32 


2Kx9—Clocked 288, 32 
2K x9—Clocked w/ Prog. Flags 32 
4K x9—Clocked w/ Prog. Flags 32 
512 x 18—Clocked w/Prog. Flags 52 
1K x 18—Clocked w/Prog. Flags 52 
2K x 18—Clocked w/Prog. Flags 52 


* Cycle Times 


CY7C4421 
CY7C4201 
CY7C4211 
CY7C4221 
CY7C4231 
CY7C4241 
CY7C4251 
CY7C4425 
CY7C4205 
CY7C4215 
CY7C4225 
CY7C4235 
CY7C4245 
CY7C4261 
CY7C4271 
CY7C4255 
CY7C4265 
CY7C4281 
CY7C4291 
CY7C4275 
CY7C4285 


CY7C4801 
CY7C4811 
CY7C4821 
CY7C4831 
CY7C4841 
CY7C4851 


CY7C441 
CY7C451 


CY7C443 
CY7C453 
CY7C454 
CY7C455 
CY7C456 
CY7C457 


Note: Please contact a Cypress Representative for product availability. 
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rns | Pannumer | speesiey | emaeomng 


10, 15, 25, 35* 
10, 15, 25, 35* 
10, 15, 25, 35* 
10, 15, 25, 35* 
10, 15, 25, 35* 
10, 15, 25, 35* 
10, 15, 25, 35* 
10, 15, 25, 35* 
10, 15, 25, 35* 
10, 15, 25, 35* 
10, 15, 25, 35” 
10, 15, 25, 35” 
10, 15, 25, 35* 
10, 15, 25, 35” 
10, 15, 15, 35* 


10, 15, 25, 35* 


10, 15, 25, 35” 
10, 15, 25, 35* 


10, 15, 15, 35* 


10, 15, 25, 35* 
10, 15, 25, 35” 
10, 15, 25, 35 
10, 15, 25, 35 
10, 15, 25, 35 
10, 15, 25, 35 
10, 15, 25, 35 
10, 15, 25, 35 


12, 14, 20, 30° 
12, 14, 20, 30° 
12, 14,20, 30* 
12, 14, 20, 30* 
12, 14, 20, 30° 
12, 14, 20, 30° 
12, 14, 20, 30* 
12, 14, 20, 30° 


; 


POW cn ictnricteicasennin ne ante 
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FIFOs (continued) 


Asynchronous FIFOs 


speed ns) 


CY3341 1.2,2 MHz 


Organization 


loc 
(mA @ ns) Packages 
16 45 D,P 


64x4 


64x4 16 CY7C401 5,10, 15,25 MHz 75 DMB, P 

64 x 4—w/OE 16 CY7C403 10, 15, 25 MHz 75 

64x5 18 CY7C402 10, 15,25 MHz 75 

64 x 5—w/OE 18 CY7C404 10, 15, 25 MHz 75 

64 x 8—w/OEandAlmost Flags 28S CY7C408A 15,25, 35 MHz 115 @15 PV 

64 x 9—w/Almost Flags 28S CY7C409A 15, 25, 35 MHz 115@15 PV 

256 x 9—w/Half Full Flag 288,32 | CY7C419 10, 15, 20, 25,30, 40,65 | 35@20. A, LMB, P, V 
512 x 9—w/Half Full Flag 28 CY7C420 20, 25, 30, 40, 65 35 @ 20 P 

512 x 9—w/Half Full Flag 288,32 | CY7C421 10, 15, 20,25,30,40,65 | 35@20 A,DMB,J,P,V 
1K x 9—w/ Half Full Flag 28 CY7C424 | 20,25, 30, 40, 65 35 @ 20 DMB 

1K x 9—w/ Half Full Flag 288,32 | CY7C425 10, 15, 20,25,30,40,65 | 35@20 A,J,L,P.V 
2K x 9—w/ Half Full Flag 28 CY7C428 20,25, 30, 40,65 35 @ 20 P 


2K x 9—w/ Half Full Flag 28S, 32 | CY7C429 10, 15, 20,25, 30, 40,65 35 @ 20 A,J,L,P,V 


4K x 9—w/ Half Full Flag 28 CY7C432 25, 30, 40, 65 35 @ 20 P 

4K x 9—w/Half Full Flag 288,32 | CY7C433 10, 15, 20, 25, 30, 40, 65 35 @ 20 A,J,L,P,V 

8K x9—w/ Half Full Flag 28 CY7C460 15, 25, 40 105 @15 DMB,LMB,J, P 
16K x 9—w/ Half Full Flag 28 CY7C462 15,25, 40 105 @15 DMB,LMB,J, P 
32K x 9—w/ Half Full Flag 28 CY7C464 15,25, 40 105 @15 DMB,LMB,J, P 
2K x 9—Bidirectional CY7C439 30, 65 147@ 25 J,P 


Note: Please contact a Cypress Representative for product availability. 
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VMEbus Interface Products 


Cypress offers a broad range of VME interface products ranging from low-cost slave I/O controllers to high end 32/64 - 
bit master controllers. All products are listed in detail in the VME Handbook. 


VICO68A and VACO68A — CY7C961 
e 32-bit VMEbus operation e Low cost VME64-Compatible Master/Slave 
¢ Complete VMEbus interface controller/ arbiter Controller 
¢ Complete master/slave capability ¢ 64 pin TQFP 
¢ Commercial / Industrial / Military | ¢ Commercial / Military 
VIC64 | CY7C964 
* 64-bit MBLT operation _ ¢ Companion to VIC64, VICO68A, CY7C960 and 
e Software and pin compatible to VICO68A CY7C961 
¢ Complete master/slave capability ¢ 100 pin TQFP 
¢ Commercial / Industrial / Military ¢ Commercial / Military 
CY7C960 ; CY7C965: RACEway 
e Lowcost VME64-Compatible Slave Controller e High-speed Crosspoint Interconnect 
° 64pinTQFP e Implements Open Bus Standard (VITA 5- 1994) 
¢ Commercial / Military ¢ 160 Mbyte/sec throughput per port 


6 32-bit data ports 


Transfer Rate 
- Description Part Number (MB/s) loc (MA) Packages 


VME Interface Controller 144/160 VICO68A A,B, G,N, U_ 


VME Address Controller 144/160 VACO68A B, G,N,U 
64-Bit VIC 144/160 VIC64 A,B, G,N, U 
Low Cost VMEbus Slave Controller 64/100 CY7C960 A,N,U 

Low Cost VMEbus Master/ Slave Controller 64/100 CY7C961 N,U 

Bus Interface Logic Circuit 64/68 CY7C964 A,G,N,U 


RACEway 361 CY7C965 Ball Grid Array 


Timing Technology Products 


Today's high-performance digital designs often require Pentium Processor Compatble 
multiple clock frequencies in order to control all the functions 


on the board. In the past, this required the designer to use PCI Clock 
multiple metal-can oscillators which increased the size and (CPU/2) 

cost of the design. Cypress solves this problem by providing 

single chips which can synthesize multiple frequencies. 14.318 MHz In CPU Clock 
Cypress specializes in the development and production of 12 MHz (keyboard) 
high-performance frequency synthesis devices. Cypress 24 MHz (floppy disk) 
motherboard frequency synthesizers are specifically REF 14.318 MHz 


designed to provide frequencies used in PC motherboard 
design. PC graphics frequency products provide frequencies ; 
most often required for graphics card designs. Cypress also All Purpose Clock Synthesizer 
offers general purpose, programmable clock synthesizers for 24 or 32 MHz (floppy disk) 
use in any application that requires multiple clock frequencies 


and in-system frequency changes. CPU Clock (user defined) 
14.318 MHZ In cee 
. : acn user aetine' 
Cypress is the only manufacturer offering factory EPROM- 32.768 kHzIn.| CY2291 200 kHz-100 MHz 


programmability for custom frequency generation in a varied 
selection of products. With EPROM-programming capability, 
samples of custom frequency products can be provided in 
days rather than the weeks or months required by older 
technologies. 


32.768 kHz 
REF 14.318 MHz 


Note: Please contact a Cypress Representative for product availability. 
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Timing Technology Products (continued) 


[Application [Part [ PLLe | Opute 


Industry Standard Motherboard CY2250 1 14 Pentium/Pentium Pro servers: 12 skew controlled CPU 28 SOIC 
Frequency Synthesizers clocks (250 ps pin-to-pin), 2 buffered reference clocks, 
3.3V 


CY2252 2 14 Pentium portables: 5 CPU/6 PCI clocks (2 “early” PCI for 28 SSOP 
ee stations), 24 MHz, 2 buffered reference clocks, 
3.3 
CY2254A Intel Triton chipset compatible: 4 CPU/6 PCl clocks, 12 28 SOIC 
MHz, 24 MHz, 2 buffered reference clocks, 3.3V 
CY2256 1 OPTi Viper chipset compatible: 5 CPU, 7PCl clocks, 28 SOIC 
2 buffered reference clocks, 3.3V 
CY2257 1 Ali Aladdin chipset compatible: 6 CPU/6 PCI clocks, 28 SOIC 
2 buffered reference clocks, 3.3V 
CY2260 2 Intel Triton Il chipset compatible: 4 CPU/6 PCI clocks, 28 SOIC 
48 MHz clock, 3 buffered reference clocks, 3.3V 
CY2263 2 For mobile applications; 7CPU/6PCI clocks, 24MHz, 34SSOP 
48 MHz, 2 buffered reference clocks, 3.3V. 


SDRAM-Compatible Motherboard 
Frequency Synthesizers 


CY2264 2 Intel VX- clipset compatible; 8CPU/6PCI clocks, 24 MHz 34SSOP 
48 MHz, 2 buffered reference clocks, 3.3 V. 

CY2265 2 Intel VX- clipset compatible; 12CPU/6PCI clocks, 24 34SSOP 
MHz, 48 MHz, 2 buffered reference clocks, 3.3 V. 

CY2267 2 2 Intel TX- clipset compatible; 16 CPU/1 PCI clocks, 24 34SSOP 
MHz, 48 MHz, buffered reference clocks, 3.3V. 
For Pentium / Pentium Il-based systems suchas Intel 48 SSOP 
430TX and ALI Aladdin IV 


14 
14 
14 
14 
17 
18 
22 
0 
Industry Standard Clocks for 2.5V/ 
3.3V Pentium and Pentium II appli- 
cations (Include SDRAM support). 
(Please see datasheets for full de- 
scriptions of these devices. 
Multiple varieties of the given part 


numbers are available) 


CY2273 

CY2274 3 For Pentium/ Pentium Il-based systems suchas Intel 48 SSOP 
440FX (CK25) 

CY2275 3 For Pentium / Pentium Il-based systems suchas Intel 48 SSOP 

440LX (CK3D) ; 

CY2276 3 For Pentium / Pentium Il-based systems suchas Intel 
440LX (CK4D) 

CY2277 3 For Pentium / Pentium I|-based systems such as Intel 48 SSOP 
430TX (CKDM66-M) 

CY2278 3 For Portable Pentium/ Pentium Il-basedsystems suchas | 48 
those using Intel 430TX TSSOP 


56 SSOP 


CY2030 2 


1/O Companion chip , Reference, I/O, USB, other clocks 20 SSOP 
(CKIO) for use with CK3D and CK4D 
Factory EPROM programmable single PLL, 0.5-100 8 SOIC 
MHz, 5V/3.3V 
Factory EPROM programmable single selectable PLL, 2- | 8SOICor 
120 MHz, 5V/3.3V 14SOIC 
Factory EPROM programmable triple PLL, 0.5-100 MHz, | 8SOl 
5V/3.3V 
Factory EPROM progrmmable triple PLL, 0.2-100 MHz, 20 SOIC 
5V/3.3V 
Factory EPROM programmable triple PLL, 0.2-100 MHz, | 16SOIC 
5V/3.3V 


User-programmable dual PLL, 0.3-120 MHz, 5V 16 SOIC 


General Purpose Programmable CY2071A 1 


Products (486 Pentium/Pentium Pro 
motherboards, peripherals, cable 


TV, video games, etc.) 1 


CY2907 2 


3 
3 


ie) 


CY2081 
CY2291 3 


CY2292 


ICD2051 2 


PC Graphics Frequency ICD2061A User-programmable PC video/memory clocks, 0.4-120 
Synthesizers MHz, 5V 


5 1-in/5-out, 25 to 75 MHz 8 SOIC 
1-in/9-out, 25 to 75 MHz, outputs arranged 4+4+1 16SOIC 
1-in/8-out, 10 to 100 MHz, separate feedback control 16SOIC 


3-80 MHz, Programmable Skew (700 ps increments) 
250 ps pin-to-pin skew 

3-80 MHz, Programmable Skew (700 ps increments) JL 
250 ps pin-to-pin skew 
15-80 MHz, tPD = 500 ps 
250 ps pin-to-pin skew 


15-80 MHz, tPD=500 ps 
250 ps pin-to-pin skew 


SDRAM Buffer (Zero-Delay Buffer) | CY2305 
CY2309 


3.3V Low Skew Clock Buffer CY2308 
Programmable Skew Clock CY7B991 
Buffer (TTL Output) 

Programmable Skew Clock CY7B992 
Buffer (CMOS Output) 

Low Skew Clock Buffer CY7B9910 
(TTL Output) 

Low Skew Clock Buffer CY7B9920 
(CMOS Output) 


Note: Please contact a Cypress Representative for product availability. 
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PC Chipsets 


Description 


Single-chip solution for 386/486-based systems with Green features. 
Supports SMI/CPU interface/cache control/DRAM control/ISA Bus 
control/VESA control 


PartNumber 
CY82C597 


160-pin PQFP 


Intelligent PCI Bus Bridge Chip. Connects VESA Bus to the PCI Bus CY82C599 160-pin PQFQ 
hyperCache™ Chipset System Controller CY82C691 208-pin PQFP 
hyperCache Chipset Data-Path with Integrated Cache CY82C692/CY82C690 208-pin PQFP 
hyperCache Chipset Peripheral Controller CY82C693/CY82C693U 208-pin PQFP 
hyperCache SRAM Expansion CY82C694 128-pin PQFPA 


hyperCache Chipset Peripheral Controller with USB support CY82C693U 208-pin PQFP 


e 1992 Cypress developed a 386/486 single VESA/ e 1994 Cypress updated the chipset with Deep 
ISA chip Green features for VESA or VIP systems 

¢ 1993 Cypress introduced the world’s first PCI- ¢ 1996 Cypress introduces the hyperCache™ 
VESA bridge Chipset for Pentium-class processors 


The Cypress hyperCache Chipsetis a family of three chipsets created to provide flexible solutions for today’s x86 designs: 


hC-ZX chipset: CY82C690, CY82C691, CY82C693/U zero cache solution with integrated microcache 
hC-VX chipset: CY82C91, CY82C692, CY82C693/U value solution with integrated 128KB cache 
hC-DX chipset: CY82C691, CY82C692, CY82C693/U, CY82C694 performance solution with integrated 256KB cache 


The hC-ZX, hC-VX, hC-DxX chipsets provide all the functions necessary to implement a 3.3V Pentium-based system with USB 
(Universal Serial Bus), PCI (Peripheral Component Interconnect), and ISA (Industry Standard Architecture) buses. The hyper- 
Cache Chipset includes a 2-way set associative cache tag (capable of addressing up to 512 MB of cache) along with integrated 
synchronous pipelined SRAM. Upgrading between the three chipsets is straight-forward since all solutions are pin-compatible. 
In addition to the integrated cache the chipset also integrates a RTC (Real-Time Clock) with 256 bytes of battery backed RAM, 
aPS/2 compatible mouse control, a 8042-compatible keyboard control, a dual-channel IDE controller, and two 8237-compatible 
DMA controllers. 


hyperCache™ Chipset System Block Diagram 


em ne 
| CyrixM1, | ae 
or 

CY82C694 


AMD K5 
DiBenScor Expansion Cache 


Address 
Data 


CY82C692 
or 


CY82C691 


| Cypress Clock | ia | DRAM | 


| CY2254ASC-2 | B oooconoooeanon0opaceraoddoonvciocodeoansnosocoonetacoood 


Keyboard/mouse 


CY82C693 / U ; 


206 | IDE _|RTC | USB 


Note: Please contact a Cypress Representative for product availability. 
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USB Microcontroller Family 


Cypress’s new family of 8-bit microcontrollers offers the lowest-cost solutions for USB peripherals. The family is built on 
the industry’s smallest RISC core and are the first to offer EPROM programmability for easy code customization and 
fast time-to-market. The parts integrate data RAM, a USB Serial Interface Engine, and a transceiver for reduced cost 
and parts count, while a clock-doubler and Instant-On-Now features ensure low EMI and 70% lower power consumption. 
All solutions are supported by the CY365x emulator board. 


ly 
C) 


CY7C6xxxx Family CY365x Developer’s Kit 
e Industry's smallest 8-bit RISC micro-controller e Hardware emulator board for real-time devel- 
core opment of USB firmware and system drivers 
e Integrated 128/256 bytes SRAM e Register, RAM, and I/O display & modification 
e Integrated 2/4/6/8 KB EPROM e User-configurable break-traps and single- 
e Optimized USB instruction set (34 instructions) Stepping 
e On-chip clock multiplication e Access to key microcontroller signals fortrace 
¢ Full-custom USB Serial Interface Engine (SIE) and complex break-points | 
e Integrated USB transceiver ¢ Stand-alone mode for portable operation 
* 10-40 General Purpose I/Os * Assembler software 
e Instant-On-Now Power Management ¢ Complete support documentation 
e USB code library 
e USB reference Designs 


Low-speed microcontrollers (1.5Mbps) 
CY7C63000 20-pin PDIP, 20-pin SOIC 
CY7C63001 20-pin PDIP, 20-pin SOIC 
CY7C63100 24-pin SOIC 
CY7C63101 24-pin SOIC 
CY7C63200 18-pin PDIP 
CY7C63201 18-pin PDIP 
CY7C63410 40-pin PDIP, 48-pin SSOP 
CY7C63411 40-pin PDIP, 48-pin SSOP 
CY7C63412 40-pin PDIP, 48-pin SSOP 
CY7C63413 40-pin PDIP, 48-pin SSOP 
CY7C63510 48-pin SSOP 
CY7C63511 48-pin SSOP 
CY7C63512 48-pin SSOP 
CY7C63513 48-pin SSOP 


Nh 


DMA N WH FNM BPM BAND A 


High-speed stand-alone hubs with integrated I2C (12Mbps) 


Part Number RAM (Bytes) | EPROM(KB) | _#hub ports 
CY7C65013 256 8 8 23 48-pin PDIP, 48-pin SSOP 
CY7C65113 256 8 4 11 28-pin PDIP, 28-pin SOIC 


CY7C66011 48-pin PDIP, 48-pin SSOP 
CY7C66012 48-pin PDIP, 48-pin SSOP 
CY7C66013 48-pin PDIP, 48-pin SSOP 
CY7C66111 56-pin SSOP 
CY7C66112 56-pin SSOP 
CY7C66113 56-pin SSOP 


USB Emulator Board 


PartNumber CY Paris Supported 
CY3650 Low-Speed Emulator Board (1.5 Mbps) CY63xxx 
CY3651 High-Speed Emulator Board (12 Mbps) CY65xxx, CY66xxx 


Note: Please contact a Cypress Representative for product availability. 
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FCT-T Logic Family 


The FCT-T CMOS logic family offers the lowest power solution for high speed logic designs. High Drive (64 mA), Balanced 
Drive (24 mA), or 25Q Output (12 mA) devices provide a choice of drive capability to meet the applications specific need. 


Mis 
e 


e TTL compatible inputs and outputs provide sig- e Allfunctions are available in space saving QSOP 
nificant noise reduction over older FCT designs. or TSSOP packages as well as the standard 

e AllCypress FCT-T devices have been designed 300-mil SOIC. 
for use in “Live Insertion” applications. e Extended temperature range (-40°C to +85°C) 


is standard on all devices. 


Octal High Drive Logic Products (V,,=5 Volts) 
a ion De caat jae ns 
| Standard | 


PartNumber mn [| cont | as [at |con|w| x | Package 


CY29FCT52T 
CY29FCT520T 
CY29FCT818T 
CY54/74FCT138T 
CY54/74FCT157T 
CY54/74FCT163T 


CY74FCT191T 
CY54/74FCT240T 


CY54/74FCT244T 
CY54/74FCT245T 
CY74FCT257T 

CY54/74FCT273T 


CY54/74FCT373T 
CY54/74FCT374T 
CY54/74FCT377T 
CY74FCT399T 

CY54/74FCT480T 


CY54/74FCT540T 
CY54/74FCT541T 


CY54/74FCT543T 
CY54/74FCT573T 


CY54/74FCT574T 


CY54/74FCT646T 


CY54/74FCT652T 


CY54/74FCT821T 
CY54/74FCT823T 
CY54/74FCT825T 
CY54/74FCT827T 
CY54/74FCT841T 


Note: Please contact a Cypress Representative for product availability. 


8-Bit Registered Transceiver 
Multilevel Pipeline Register 
Diagnostic Scan Register 
1-of-8 Decoder 

Quad 2-input Multiplexers 


4-Bit Binary Counter with 
Synchronous Reset 


4-Bit Up/Down Binary Counter 


8-Bit Inverting Buffer/Line 
Driver with OE 


8-Bit Buffer/Line Driver with OE 
8-Bit Transceiver with OE 
Quad 2-input Multiplexers with OE 


8-Bit Register with Asynchronous 
Reset 


8-Bit Latch with OE 

8-Bit Register with OE 

8-Bit Register with Clock Enable 
Quad 2-input Registers 


Dual 8-Bit Odd-Parity Generators/ 
Checkers 


8-Bit Inverting Buffer/Line Driver 
with OE and Flow- Through Pinout 


8-Bit Buffer/Line Driver with OE 
and Flow-Through Pinout 


8-Bit Latched Transceiver with OE 


8-Bit Latch with OE and 
Flow-Through Pinout 


8-Bit Register with OE and 
Flow-Through Pinout 


8-Bit Registered Transceiver 
with OE 


8-Bit Registered Transceiver 
with OE 


10-Bit Register with OE 
9-Bit Register with OE 
8-Bit Register with OE 
10-Bit Buffer with OE 
10-Bit Latch with OE 


Q,SO 
D,P,Q,SO 
D,L,P,Q,SO 
D,L,Q,SO 
L,Q,SO 
L,Q,SO 


1a,so 


D, P,Q, SO 


D,L,P,Q,SO 
D,L,P,Q,SO 
P,Q,SO 

D,L,P,Q,SO 


D,L, P,Q,SO 
D,L,P,Q,SO 
L,Q,SO 

SO 
D,L,P,Q,SO 


D,Q,SO 
D, P,Q,SO 


D,Q,SO 


D,P.Q,SO 


D,L,P,Q,SO 


D,L,Q,SO 


Q,SO 


P,Q,SO 
P,Q,SO 
Q,SO 
P,Q,SO 
D, P,Q, SO 


neice nelin 


FCT-T Logic Family (continued) 


Bus Switch 
Propagation Delay 
Part Number Organization (ns Packages 


ns) 
CYBUS3384 10-Bit Bus Switch 


Octal Logic Products with Resistor (Vc¢c=5 Volts) 


| 
C) 


Part Number 
CY74FCT2240T 


CY74FCT2244T 


CY74FCT2245T 
CY74FCT2257T 


CY74FCT2373T 
CY74FCT2374T 
CY74FCT2541T 


CY74FCT2543T 
CY74FCT2573T 
CY74FCT2574T 
CY74FCT2646T 


CY74FCT2652T 
CY74FCT2827T 


8-Bit Inverting Buffer/Line Driver with OE 
and 25Q Resistor 

8-Bit Buffer/Line Driver with OE and 25Q 
Resistor 

8-Bit Transceiver with OE and 25Q Resistor 


Quad 2-input Multiplexers with OE and 25Q 
Resistor 
8-Bit Latch with OE and 25Q Resistor 


8-Bit Register with OE and 25Q Resistor 


8-Bit Buffer/Line Driver with OE, 
Flow-Through Pinout and 25Q Resistor 
8-Bit Latched Transceiver with OE and25Q 
Resistor 

8-Bit Latch with OE, Flow-Through Pinout 
and 25Q Resistor 

8-Bit Register with OE, Flow-Through Pinout 
and 25Q Resistor 

8-Bit Registered Transceiver with OE and 
25Q Resistor 

8-Bit Registered Transceiver with OE and 
250 Resistor 

10-Bit Buffer with OE and 25Q Resistor 


Propagation Delay (ns) 
pe 
| Com | Packages 
; : 8.0 


Note: Please contact a Cypress Representative for product availability. 
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FCT-T Logic Family (continued) 
16-Bit High Drive Logic Products (V,,=5 Volts) 


ee ee ee de 
et I a 


CY74FCT16240T 16-Bit Inverting Buffer/Line Driver with OE 


Propagation Delay (ns) 
Package 


CY74FCT16244T 
CY74FCT16245T 
CY74FCT16373T 
CY74FCT16374T 


CY74FCT16444T 


CY74FCT16445T 
CY74FCT16500T 
CY74FCT16501T 
CY74FCT16543T 
CY74FCT16646T 
CY74FCT16652T 
CY74FCT16823T 
CY74FCT16827T 


CY74FCT16841T 
CY74FCT16952T 


16-Bit Balanced Drive Logic Products (Vcc =5 Volts) 


Part Number 
CY74FCT162240T 
CY74FCT162244T 
CY74FCT162245T 
CY74FCT162373T 
CY74FCT162374T 
CY74FCT162500T 
CY74FCT162501T 
CY74FCT162543T 
CY74FCT162646T 
CY74FCT162652T 
CY74FCT162823T 
CY74FCT162827T 


CY74FCT162841T 
CY74FCT162952T 


Note: Please contact a Cypress Representative for product availability. 


16-Bit Buffer/Line Driver with OE 
16-Bit Transceiver with OE 

16-Bit Latch with OE 

16-Bit Register with OE 

16-Bit244 with Single OE 

16-Bit 245 with Single OE andDIR 
18-Bit Universal Bus Transceiver 
18-Bit Universal Bus Transceiver 
16-Bit Latched Transceiver with OE 
16-Bit Registered Transceiver with OE 
16-Bit Registered Transceiver with OE 
18-Bit Register with OE 

20-Bit Buffer with OE 

20-Bit Latch with OE 

16-Bit Registered Transceiver 


Organization 


16-Bit Inverting Buffer/Line Driver with OE 


16-Bit Buffer/Line Driver with OE 
16-Bit Transceiver with OE 

16-Bit Latch with OE 

16-Bit Register with OE 

18-Bit Universal Bus Transceiver 
18-Bit Universal Bus Transceiver 
16-Bit Latched Transceiver with OE 
16-Bit Registered Transceiver with OE 
16-Bit Registered Transceiver with OE 
18-Bit Register with OE 

20-Bit Buffer with OE 


20-Bit Latch with OE 
16-Bit Registered Transceiver 


Propagation Delay (ns) 


ct [8 | A | Standard 
[Pee | em ot Semel | me Seen Pi 
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FCT-T Logic Family (continue) 


16-Bit Balanced Drive, Bus Hold Logic Products (V¢-=5 Volts) 


el sa Delay (ns) 


PartNumber T[ Com | Package 
: : 6.5 ; 


CY74FCT162H244T 16-Bit Buffer/Line Driver with OE with Bus 
Hold 


CY74FCT162H245T | 16-Bit Transceiver with OE with Bus Hold 


CY74FCT162H501T i 8-Bit Universal Bus Transceiver with Bus 
old 


CY74FCT162H952T i 6-Bit Registered Transceiver with Bus : : : : 


3.3V FCT Logic Family 


The 3.3V FCT CMOS logic family offers the lowest power solution for high speed logic designs. 5V tolerant |/O’s (standard 
on all Cypress 3.3V FCT logic) are ideal for use in mixed voltage systems. 


e Inputs and outputs are 5V tolerant. 


e Extended VCC range of 2.7V to 3.6V e Allfunctions are available in TSSOP or SSOP 
Derate AC specs by 20% for VCC < 3.0V. packages. 
e +/- 24 mA drive current. e Extended temperature range (—40°C to 


+85°C) on all devices. 


16-Bit 3.3V Balanced Drive Logic Products (V¢¢=3.3 V +/-10%) 
ib eal Delay (ns) 


PartNumber__[____ Organization [Pins | ~Com_[ “Com | _ Package 


CY74FCT 163244 16-Bit Buffer/Line Driver with OE 
CY74FCT163H244 16-Bit Buffer/Line Driver with OE and Bus Hold 
CY74FCT163245 16-Bit Transceiver with OE 
CY74FCT163H245 16-Bit Transceiver with OE and Bus Hold 
CY74FCT163373 16-Bit Latch with OE 

CY74FCT163H373 16-Bit Latch with OE and Bus Hold 
CY74FCT163374 16-Bit Register with OE 

CY74FCT163H374 16-Bit Register with OE and Bus Hold 
CY74FCT163501 18-Bit Universal Bus Transceiver 
CY74FCT163H501 18-Bit Universal Bus Transceiver with Bus Hold 
CY74FCT163646 16-Bit Registered Transceiver with OE 
CY74FCT 163652 16-Bit Registered Transceiver with OE 
CY74FCT 163827 20-Bit buffer with OE 

CY74FCT 163952 16-Bit Registered Transceiver 
CY74FCT163H952 16-Bit Registered Transceiver with Bus Hold 


Note: Please contact a Cypress Representative for product availability. 
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Package Code: 
A= Thin Quad Flat Pack (TQFP) Q = Windowed LCC HD = Hermetic DIP (Module) 
B= Plastic Pin Grid Array Q = QSOP HG = Ceramic PGA (Module) 
D = CerDiP R = Windowed PGA PA = TSSOP | 
B= lope potometencone Ae) S = SOIC. PD = Plastic DIP (Module) 
ie are Array (PGA) T = Windowed Cerpack — _-PM= PlasticSIMM 
H = Windowed Hermetic LCC U = Ceramic Quad Flatpack PN = Plastic Angled SIMM 
J= PLCC 3 V = SOJ | PS = Plastic SIP 
K = Cerpack W = Windowed Cerdip PV = SSOP 
L = Leadless Chip Carrier (LCC) X = DICE PZ = Plastic ZIP 
N = Plastic Quad Flatpack Y = Ceramic LCC SO = SOIC 
P = Plastic Z = TSOP 

Notes: 


Military temperature range (-55°C to +125°C) product processed to MIL-STD-883 Revision C is also available for most products. Speed and power 
selections may vary from those above. Contact your local sales office for more information. 


Commercial grade product is available in plastic, CerDIP, or LCC. Military grade product is available in CerDIP, LCC, or PGA. 
Power supplies for most product lines are Veco =5V 10%. 


228, 245, 285 stands for 300 mil. 22-pin, 24-pin, 28-pin, respectively. 28.4 stands for 28-pin 400 mil, 24.4 stands for 24-pin 400 mil. 
PLCC, SOJ, and SOIC packages are available on some products. 


F, K, and T packages are special order only. 

Please contact a Cypress representative for product availability. 

MAX and MAX+PLUS are registered trademarks of Altera Corporation. 

Pentium is a trademark of Intel Corporation. 

Warp, UltraLogic, pASIC380, Impulse3, and hyperCache are trademarks of Cypress Semiconductor Corporation. 
GAL is a registered trademark of Lattice Semiconductor. 


Note: Please contact a Cypress Representative for product availability. 
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CYPRESS 
2147-35C 
2147-45C 
2147-45C 
2147-45M+ 
2147-55C 
2147-55M 
2148-35C 
2148-35C 
2148-35M 
2148-45C 
2148-45C 
2148-45M 
2148-45M+ 
2148-55C 
2148-55C 
2148-55M 
2149-35C 
2149-35C 
2149-35M 
2149-45C 
2149-45M 
2149-45M 
2149-55C 
2149-55C 
2149-55M 
21L48-35C 
21L48-45C 
21L48-45C 
21L48-55C 
21L49-35C 
21L49-45C 
21L49-45C 
21L49-55C 
27S03AC 
27S03AM 
27503C 
27803C 
27S03M 
27S03M 
27S07AC 
27S07AM 
27S07C 


CYPRESS 
70147-35C 
2147-35C 
70147-45C 


70147-45M+ 


2147-45C 
2147-45M 
21L48-35C 
70148-35C 
7C148-35M 
2148-35C 
21L48-45C 
2148-35M 


70148-45M+ 


2148-45C 
21L48-55C 
2148-45M 
21L49-35C 
70149-35C 
70149-35M 
21L49-45C 
2149-35M 
70149-45M 
2149-45C 
21L49-55C 
2149-45M 
70148-35C 
21L48-35C 
70148-45C 
21L48-45C 
70149-25C 
21L49-35C 
70149-45C 
21L49-45C 
70189-25C 
70189-25M 
27S503AC 
74S189C 
27S03AM 
54S189M 
70190-25C 
70190-25M 
27S07AC 


CYPRESS 
27S07M 
27S07M 
54S189M 
6116A-45C 
6116A-55C 
6116A-55M 
74S189C 
70122-25C 
7C122-35C 
7C122-35M 
70123-12C 
7C128A-35C 
7C128A-45C 
7C128A-45M 
7C128A-55C 
7C128A-55M 
70147-35C 
70147-45C 
7C148-35C 
7C148-45C 
7C149-35C 
70149-45C 
7C149-45M 
7C150-25C 
70150-35C 
7C150-35M 
7C167A-35C 
7C167A-45M 
7C168A-35C 
7C168A-45M 
7C169A-35C 
7C169A-40M 
7C170A-35C 
7C170A-45C 
7C170A-45M 
7C171A-35C 
7C171A-45M 
7C172A-35C 
7C172A-45M 
7C189-25C 
7C190-25C 
70191-45M 


CYPRESS 
27S07AM 
7C190-25M 
27S03M 
6116A-35C 
6116A-45C 
6116A-45M 
27S803C 
7C0122-15C+ 
7C0122-25C 
7C122-25M 

_70123-7C 
7C128A-25C 
7C0128A-35C 
7C128A-35M+ 
70128A-45C+ 
7C128A-45M+ 
7C0147-25C+ 
7C0147-35C 
7C148-25C+ 
7C148-35C 
7C149-25C+ 
70149-35C 
7C0149-35M 
7C0150-15C 
70150-25C 
7C0150-25M 
7C167A-25C 
7C167A-35M+ 
7C168A-25C 
7C168A-35M+ 
7C169A-25C 
7C169A-35M+ 
7C170A-25C 
7C170A-35C 
7C170A-35M 
7C171A-25C 
7C0171A-35M+ 
7C172A-25C 
70172A-35M+ 
7C0189-15C+ 
7C0190-15C+ 
7C191-35M 
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CYPRESS 
70192-45M 
70194-35C 
70194-45C 
70194-45M 
70196-35C 
70196-45C 
70197-35C 
70197-45C 
70197-45M 
70198-45C 
70198-55C 
70198-55M 


| 7C199-45C 


70199-55C 
7C199-55M 
70225 
70235 
70245 
70271 
70274 
70281 
70286 
70291 
70292 
9122-25C 
9122-25C 
9122-35C 
9122-35C 
9122-45C 
911.22-25C 
91L22-35C 
91L22-45C 
93422AC 
93422AC 
93422AM 
93422C 
93422M 
93422M 
93L422AC 
93L422AC 
93L422AM 
93L422C 


CYPRESS 
7C0192-35M 
7C0194-25C 
70194-35C+ 
7C0194-35M 
7C196-25C 
7C0196-35C+ 
7C0197-25C 
7C0197-35C+ 
7C197-35M 
7C0198-35C 
70198-45C+ 
7C198-45M 
7C199-35C 
7C0199-45C+ 
7C0199-45M 
7C225A 
7C235A 
7C245A 
7C271A 
27H256 
7C281A 
27H512 
7C291A 
7C292A 
7C0122-15C 
91L22-25C 
9122-25C 
91L22-35C 
93L422C 
7C0122-25C 
70122-35C 
93L422AC 
7C0122-35C 
9122-35C 
7C0122-35M 
93L422AC 
93422AM 
93L422AM 
70122-35C 
91L22-45C 
7C122-35M 
93L422AC 


CYPRESS 
93L422M 
PALC16L8-25C 
PALC16L8-30M 
PALC16L8-35C 
PALC16L8-40M 
PALC16L8L-35C 
PALC16R4-25C 
PALC16R4-30M 
PALC16R4-35C 
PALC16R4-40M 
PALC16R4L-35C 
PALC16R6-25C 
PALC16R6-30M 
PALC16R6-35C 
PALC16R6-40M 
PALC16R6L-35C 
PALC16R8-25C 
PALC16R8-30M 
PALC16R8-35C 
PALC16R8-40M 
PALC16R8L-35C 
PALC22V10-35C 
PALC22V10-40M 
PALC22V10L-25C 
PALC22V10L-35C 
PLDC20G10-35C 
PLDC20G10-40M 


CYPRESS 
93L422AM 
PALC16L8L-25C 
PALC16L8-20M 
PALC16L8-25C 
PALC16L8-30M 
PALC16L8L-25C 
PALC16R4L-25C 
PALC16R4-20M 
PALC16R4-25C 
PALC16R4-30M 
PALC16R4L-25C 
PALC16R6L-25C 
PALC16R6-20M 
PALC16R6-25C 
PALC16R6-30M 
PALC16R6L-25C 
PALC16R8L-25C 
PALC16R8-20M 
PALC16R8-25C 
PALC16R8-30M 
PALC16R8L-25C 
PALC22V10-25C 
PALC22V10-30M 
PALC22V10-25C 
PALC22V10L-25C 
PLDC20G10-25C 
PLDC20G10-30M 


ALLIANCE CYPRESS _ 
PREFIX: AS PREFIX: CY 
701024 7C1009 
761028 701006 
70259 70188 
703256 701399 
7033232F-5 7C1335-100A 
7C33232F-6 7C1335-75AC 
7033232F-7 7C1335-66AC 
703512 701512 


CYPRESS . 
PREFIX: CY 


ALTERA 
PREFIX EPM 


ALTERA 
PREFIX: EP 
22V10-10C 
22V10-10C 
22V10-10C 


22V10-10C © 


22V10-15C 
22V10-15C 
5032DC 
5032DC-2 
5032DC-15 
5032DC-17 
5032DC-20 
5032DC-25 
5032DM __ 
5032DM-25 
5032JC 
5032JC-2 
5032JC-15 
5032JC-17 
5032JC-20 
5032JC-25 
5032JI-20 
5032JM 
5032JM-25 
5032LC 
5032LC-2 
5032LC-15 
5032LC-17 
5032LC-20 
5032LC-25 
5032PC 
5032PC-2 
5032PC-15 
5032PC-17 
5032PC-20 
5032PC-25 
5064JC 
5064JC-1 
5064JC-2 
5064JI 
5064JM 
5064LC 


Product Line Cross Reference 


~ CYPRESS 
PREFIX: PALC 


PALC22V10D-7C 


PALC22V10D-10C 
PAL22V10C-7C+ 
PAL22V10C-10C+ 
PALC22V1 OB-1 5C 
PALC22V10D-15C 
70344-25WC 
7C344-20WC 
70344-15WC 
Call Factory 
70344-20WC 
7C344-25WC 
7C0344-25WMB 
70344-25WMB 
70344-25HC 
7C0344-20HC 
70344-15HC 
Call Factory 
70344-20HC 
70344-25HC 
7C344-20HI 
7C344-25HMB 
70344-25HMB 
70344-25JC 
70344-20JC 
7C0344-15JC 
Call Factory 
70344-20JC 
70344-25J3C 

- 70344-25PC 
70344-20PC 
70344-15PC 
Call Factory 
70344-20PC 
7C344-25PC 
70343-35HC 
70343-25HC 
70343-30HC 
70343-35HI 
70343-35HMB 
70343-35JC 
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ALTERA 
5064LC-1 
5064LC-2 
5128AGC-12 
5128AGC-15 
5128AGC-20 
5128AJSC-12 
5128AJNC-15 
5128AJC-20 
5128ALC-12 
5128ALC-15 
5128ALC-20 
5128GC 
5128GC-1 
5128GC-2 
5128GM 
5128JC 
5128JC-1 
5128JC-2 
5128u! 
5128uI-2 
5128JM 
5128LC 
5128LC-1 
5128LC-2 
5128LI 
5128L1-2 
5130GC 
5130GC-1 
5130GC-2 
5130GM 
5130JC 
5130JC-1 
5130JC-2 
5130JM 


| 5130LC 


5130LC-1 
5130LC-2 
5130LI 
5130LI-2 
5130QC 
5130QC-1 
5130QC-2 


CYPRESS 
70343-25JC 
7C343-30J5C 
7C342B-12RC 
7C342B-15RC 
7C342B-20RC 
7C342B-12HC 
7C342B-15HC 
7C342B-20HC 
7C342B-12JC 
7C342B-15JC 
7C342B-20JC 
7C342-35RC 
7C342-25RC 
7C342-30RC 
7C342-35RMB 
7C342-35HC 
7C342-25HC 
7C342-30HC 
7C342-35HI 
7C342-30HI 
7C342-35HMB 
7C342-35JC 
7C342-25JC 
7C342-30J5C 
70342-35ul 
7C342-30HI 
70346-35RC 
7C346-25RC 
7C346-30RC 
7C346-35RM 
7C346-35HC 
7C346-25HC 
7C346-30HC | 
7C346-35HM 
7C346-35JC 
7C346-25JC 
7C346-30JC 
7C346-35uJI 
70346-30JI 
7C346-35NC 
7C346-25NC 
7C346-30NC 


5130Q! 
5192AGC-15 
5192AGC-20 
5192AJC-15 
5192AJC-20 
5192ALC-1 
5192ALC-2 
5192GC 
5192GC-1 
5192GC-2 
5192JC 
5192JC-1 
5192JC-2 
5192Jl 
5192LC 
5192LC-1 
5192LC-2 


AMD 
PREFIX: Am 
PREFIX: SN 
SUFFIX: B 
SUFFIX: D 
SUFFIX: E 
SUFFIX: F 
SUFFIX: J 
SUFFIX: L 
SUFFIX: P 
5962-85155 01RX 
5962-85155 02RX 
5962-85155 03RX 
5962-85155 04RX 
5962-85155 05RX 
5962-85155 O06RX 
5962-85155 07RX 
5962-85155 08RX 
5962-85155 012X 
5962-85155 022X 
5962-85155 032X 
5962-85155 042X 
5962-85155 052X 


CYPRESS 
70346-35NI 
70341B-15RC 
7C0341B-20RC 
70341B-15HC 
7C0341B-20HC 
70341B-15JC 
70341 B-20JC 
70341-35RC 
70341-25RC 
70341-30RC 
70341-35HC 
70341-25HC 
70341-30HC 
70341-35HI 
70341-35JC 
70341-25JC 
7C0341-30JC 


CYPRESS 
PREFIX: CY 
PREFIX: CY 
SUFFIX: B 
SUFFIX: W 
SUFFIX: Z 
SUFFIX: F 
SUFFIX: J 
SUFFIX: L 
SUFFIX: P 
5962-88713 O9RX 
5962-88713 10RX 
5962-88713 11RX 
5962-88713 12RX 
5962-88713 O9RX 
5962-88713 10RX 
5962-88713 11RX 
5962-88713 12RX 
5962-88713 09XX 
5962-88713 10XX 
5962-88713 11XX 
5962-88713 12XX 
5962-88713 O9XX 


AMD 
5962-85155 062X 
5962-85155 072X 
5962-85155 082X 
5962-86053 01LA 
5962-86053 01KA 
5962-86053 02LA 
5962-86053 02KA 
5962-86053 04LA 
5962-86053 04KA 
5962-86053 O05KA 
5962-86053 O5LA 
5962-86053 013A 
5962-86053 023A 
5962-86053 043A 
5962-86053 053A 
5962-88515 01RX 
5962-88515 02RX 
5962-88515 03RX 
5962-88515 04RX 
5962-88515 012X 
5962-88515 022X 
5962-88515 032X 
5962-88515 042X 
7205A-15 
7204A-15 
7203A-15 
7202A-15 
7205A-25 
7204A-25 
7203A-25 
7203A-25R 
7202A-25 
7202A-25R 
7201-25 
7201-25R 
7204A-35 
7203A-35 
7203A-35R 
7202A-35 
7202A-35R 
7201-35 
7201-35R 


CYPRESS 
5962-88713 10XX 
5962-88713 11XX 
5962-88713 12XX 
5962-89841 01LX 
5962-89841 01KX 
5962-89841 01LX 
5962-89841 01KX 
5962-89841 O2LX 
5962-89841 02KX 
5962-89841 O6KX 
5962-89841 O6LX 
5962-89841 013X 
5962-89841 013X 
5962-89841 023X 
5962-89841 063X 
5962-88713 09RX 
5962-88713 10RX 
5962-88713 11RX 
5962-88713 12RX 
5962-88713 O9XX 
5962-88713 10XX 
5962-88713 11XX 
5962-88713 12XX 
7C460-15 
7C433A-15 
7C429A-15 
7C425A-15 
7C460-25 
70432-25 
7C428-25 
7C429-25 
7C424-25 
7C425-25 
7C420-25 
7C421-25 
7C432-30 
7C428-30 
7C429-30 
70424-30 
7C425-30 
7C6420-30 
7C421-30 
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AMD 
7204A-50 
7203A-50 
7203A-50R 
7202A-50 
7202A-50R 
7201-50 
7201-50R 
7204A-65 
7203A-65 
7203A-65R 
7202A-65 
7202A-65R 
7201-65 
7201-65R 
7204A-80 
7203A-80 
7203A-80R 
7202A-80 
7202A-80R 
7201-80 
7201-80R 
79C981 
27LS291M 
27PS191AC 
27PS191AM 
27PS191C 
27PS191M 
27PS291AC 
27PS291AM 
27PS291C 
27PS291M 
278181AC 
27S8181AM 
278181C 
27S181M 
278191AC 
27S191AM 
27S191C 
27S191M 
278191SAC 
278191SAM 
27825AC 


Product Line Cross Reference 


CYPRESS 
70432-40 
70428-40 
70429-40 
70424-40 
70425-40 
7C420-40 
70421-40 
70432-65 
7C428-65 
70429-65 
70424-65 
70425-65 
7C420-65 
70421-65 
70432-65 
70428-65 
70429-65 
70424-65 
70425-65 
7C0420-65 
70421-65 
70981 
70291A-35M 
70292A-50C 
7C292A-50M+ 
7C292A-50C 
7C292A-50M+ 
7C0293A-50C 
70293A-50M+ 
70293A-50C 
70293A-50M+ 
70282A-30C 
7C282A-45M 
7C282A-45C 
70282A-45M 
70292A-35C 
7C292A-50M 
70292A-50C 
7C292A-50M 
7C292A-25C 
7C292A-30M 
70225A-30C 


27S25AM 
27S825C 
27S25M 
27S25SAC - 
27S25SAM 
27S843AC 
27843C 
278281AC 
278281AM 
278281C 
278281M 
278291AC 
278291AM 
278291C 
27S291M 
278291SAC 
278291SAM 
27S835AC 
27S35AM 
27835C 
27S35M 
27S45AC 
27S45AM 
27845C 
27S45M 
27S45SAC 
27S45SAM 
27S49A 
27S49AM 
27S49C 
27S49M 
27S49SAC 
27S49SAM 


Product Line Cross Reference 


CYPRESS 
7C225A-35M 
70225A-40C 
7C225A-40M 
7C225A-25C 
7C225A-30M 
70244-45C 
70244-55C 
70281A-30C 
7C0281A-45M 
70281A-45C 
70281A-45M 
70291A-35C 
70291 A-50M 
70291A-50C 
70291A-50M 
70291A-25C 
70291A-30M 
7C0235A-30C 
7C235A-40M 
70235A-40C 
70235A-40M 
70245A-35C 
7C245A-45M 
70245A-45C 
7C0245A-45M 
7C245A-25C 
7C245A-25M- 
70264-40C 
70264-55M 
70264-55C 
70264-55M 
70264-25C 
70264-25M 


AMD 


PALCE16V8H- 
25JC/4 


PALCE16V8H- 
25PC/4 


PALCE16V8Q- 
15JC/4 


PALCE16V8Q- 
15PC/4 


PALCE16V8Q- 
25J5C/4 


PALCE16V8Q- 
25PC/4 


PAL16L8A-4C 
PAL16L8A-4M 


PALI6R4A-4C 


PAL16R4A-4M 
PAL16R6A-4C 


PALI6R6A-4M — 


PAL16R8A-4C 
PAL16R8A-4M 
PAL22V10-7JC 
PAL22V10-7PC 


PALCE22V10H- 
7JC 


PAL22V10-10DC 


PAL22V10-10JC 
PAL22V10-10PC 
PALCE22V10H- 
10PC 


PALCE22V10H- 
10JC 


PALCE22V10H- 


| 10PC 


PAL22V10-15DC 


PAL22V10-15JC 


PAL22V10-15PC 


CYPRESS 
PALCE16V8-25JC 


PALCE16V8-25PC 
PALCE16V8L- 


15JC 


PALCE16V8L- 
15PC 


PALCE16V8L- 
25JC 


PALCE16V8L- 
25PC 


PALC16L8L-35C 
PALC16L8-40M 
PALC16R4L-35C 
PALC16R4-40M 
PALC16R6L-35C 
PALC16R6-40M 
PALC16R8L-35 
PALC16R8-40M 
PALC22V10D-7JC 
PALCE22V10-7PC 


PALCE22V10- 
10JC 


PALCE22V10- 
10DC 


PALCE22V10-7JC 


PALCE22V10- 
10PC 


PALCE22V10- 
10PC 


PALCE22V10- 
10JC 


PALCE22V10- 
10PC 


PALC22V10B-— 
15DC 


PALC22V10B- 
15JC 


PALC22V10B- 


| AMD 
PALCE22V10H- 
25J5C 


PALCE22V10H- 


25PC 
27C64-55C 
27H256-35C 
270128-55C 
27C256-55C 
27H010-55 
27H256-55C 
27H256-55M 
27C64-70C 
270128-70C 
27C256-70C 
27H010-70 
27H256-70C 


| 27C512-75C 


27C64-90C 
270010-90C 
27C128-90C 
270256-90C 
27C512-90C 
27H010-90 
27C64-120C 
27C010-120C 
270128-120C 
27C256-120C 
270512-120C 
27C64-150C 
276010-150C 
27C128-150C 
27C256-150C 
270512-150C 
27C64-200C 


CYPRESS 


PALCE22V10- 
25JC 


PALCE22V10- 
25PC 


7C266-55C 
27H256A-35C 
270128-55C 
27C256-55C 
27H010-55 
27C256A-55C 
27C256A-55M 
27C64-70C 
270128-70C 
27C256a-70C 
27C010-70 
27C256A-70C 
270512-70C 
27C64-90C 
27C010-90C 
270128-90C+ 
27C256A-90C 
27C512-90C 
27C010-90 
27C64-120C 
27C010-120C 
270128-120C+ 
27C256-120C+ 
27C512-120C 
27C64-150C 
27C010-150C 
270128-150C+ 
27C256-150C+ 
27C512-150C 
27C64-200C 


PALCE16V8H-5JC/4 PALCE16V8-5JC 
PALCE16V8H-7JC/4 PALCE16V8-7JC 
PALCE16V8H-7PC/4 PALCE16V8-7PC 


PALCE16V8H- PALCE16V8-10JC 
10JC/4 


PALCE16V8H- 
10PC/4 — 


PALCE16V8H- 
15JC/4 


PALCE16V8H- 
15PC/4 


15PC 


PALCE22V10H- PALCE22V10- 
15JC 15JC 


PALCE22V10H- PALCE22V10- 
15PC 15PC 


270128-45C 270 128-45C 
27H010-45 27H010-45 
27H256-45C 27C256A-45C 
27H256-45M 27C256A-45M 


270010-200C 
270128-200C 
27C256-200C 
| 27C512-200C 
PAL16L8AC 
PAL16L8ALC 
PAL16L8ALM 
PAL16L8AM 
PAL16L8BM 


27C010-200C 
27C128-200C+ 
27C256A-200C+ 
27C512-200C 
PALC16L8-25C 
PALC16L8-25C 
PALC16L8-30M 
PALC16L8-30M 
PALC16L8-20M 


PALCE16V8-10PC 


PALCE16V8-15JC 


PALCE16V8-15PC 


1-36 


Product Line Cross Reference 


CYPRESS 

PAL16L8C PALC16L8-35C 
PAL16L8LC PALC16L8-35C 
PAL16L8LM PALC16L8-40M 
PAL16L8M PALC16L8-40M 
PAL16L8QC PALC16L8L-35C 
PAL16L8QM PALC16L8-40M 
PAL16R4ALC PALC16R4-25C 
PAL16R4ALM PALC16R4-30M 
PAL16R4AM PALC16R4-30M 
PAL16R4BM PALC16R4-20M 
PAL16R4C PALC16R4-35C 
PAL16R4LC PALC16R4-35C 
PAL16R4LM PALC16R4-40M 
PAL16R4M PALC16R4-40M 
PAL16R4QC PALC16R4L-35C 
PAL16R4QM PALC16R4-40M 
PAL16R6AC PALC16R6-25C 
PAL16R6ALC PALC16R6-25C 
PAL16R6ALM PALC16R6-30M 
PAL16R6AM PALC16R6-30M 
PAL16R6BM PALC16R6-20M 
PAL16R6C PALC16R6-35C 
PAL16R6LC PALC16R6-35C 
PAL16R6LM PALC16R6-40M 
PAL16R6M PALC16R6-40M 
PAL16R6QC PALC16R6L-35C 
PAL16R6QM PALC16R6-40M 
PAL16R8AC PALC16R8-25C 
PAL16R8ALC PALC16R8-25C 
PAL16R8ALM PALC16R8-30M 
PAL16R8AM PALC16R8-30M 
PAL16R8BM | PALC16R8-20M 
PAL16R8C PALC16R8-35C 
PAL16R8LC PALC16R8-35C 
PAL16R8LM PALC16R8-40M 
PAL16R8M PALC16R8-40M 
PAL16R8QC PALC16R8L-35 
PAL16R8QM PALC16R8-40M 


PAL22V10-12/B3A PALC22V10B- 
10LMB 


PAL22V10-12/BLA PALC22V10B- 
10DMB 


AMD CYPRESS 


PAL22V10-20/B3A PALC22V10B- 
20LM 


PAL22V10-20/BLA PALC22V10B- 
20DM 


PAL22V10/B3A PALC22V10- 
35LMB 


PAL22V10/BLA PALC22V 10- 
35DMB 


PAL22V10A/B3A PALC22V10- 
25LMB 


PAL22V10A/BLA PALC22V10- 
25DMB 


PAL22V10ADC PALC22V10-25DC 
PAL22V10AJC PALC22V10-25JC 
PAL22V10APC PALC22V10-25PC 
PAL22V10DC PALC22V10-35DC 
PAL22V10JC PALC22V10-35JC 
PAL22V10PC PALC22V10-35PC 


PALCE22V10H-15/ PALCE22V0- 
B3A 15LMB 


PALCE22V10H-15/ PALCE22V10- 
BLA 15DMB 


PALCE22V10H-20/ PALCE22V10- 
B3A 20LMB 


ATMEL CYPRESS 
27C010-45C 27H010-45C 
27HC256R-45C 27C256A-45C 
27HC641-45C 7C264-45C 
27HC641-45M 70264-45M 
27HC642-45C 70261-45C 
27HC642-45M 7C0261-45M 
27C010-55C 27H010-55C 
27HC256R-55C 27C256A-55C 
27HC641-55C 70264-55C 
27HC641-55M 70264-55M 

/-27HC642-55C 70261-55C 
27HC642-55M 7C261-55M 
27C010-70C 27C010-70C 
27C512-70C 27C512-70C 
27C256R-70C 27C256A-70C 
27HC256R-70C 27C256A-70C 
27HC256R-70M 27C256A-70M 
27HC641-70C 7C264-70C 
27HC642-70C 70261-55C 
27C0010-90C 27C010-90C 
27C512-90C 270512-90C 
27C256R-90C 27C256A-90C+ 
27C010-120C 27C010-120C 
27C512-120C 27C512-120C 
27C256R-120C 27C256A-120C+ 
27C010-150C 27C010-150C 
27C512-150C 27C512-150C 
27C256R-150C 27C256A-150C+ 
27C010-200C 27C0010-200C 
27C512-200C 27C512-200C 
27C256R-200C 27C256A-200C+ 


Bar E22V10H-20/ PALCE22V10- 
A 


20DMB 


PALCE22V10H-25/ PALCE22V10- 
BSA 25LMB 


PALCE22V10H-25/ PALCE22V10- 
BLA 25DMB 


PALCE22V10H-30/ PALCE22V10- 
B3A 25LMB 


PALCE22V10H-30/ PALCE22V10- 
BLA 25DMB 


ATMEL CYPRESS 
PREFIX: AT PREFIX: CY 
SUFFIX: D SUFFIX: W 
SUFFIX: K SUFFIX: H 
SUFFIX: L SUFFIX: Q 
SUFFIX: J SUFFIX: J 
SUFFIX: P SUFFIX: P 
SUFFIX: T SUFFIX: Z 
22V10 PALC22V10 
22V10-15 PALC22V10B 
27HC256R-35C  —«- 27H1256-35C 
| 27HC641-35C 7C264-35C 
27HC642-35C 70261-35C 


AUSTIN SEMI CYPRESS 
PREFIX: MT PREFIX: CY 
5C6401-20M 7C187A-20MB 
5C6404-20M 7C0164A-20MB 
5C6408-20M 7C0185A-20MB 
5C1608-25M 70128A-25M 
5C2561-25M 7C0197-25MB 
5C2564-25M 70194-25MB 
5C2568-25M 70199-25MB 


1-37 


Product Line Cross Reference 


AUSTIN SEMI CYPRESS DENSEPAK CYPRESS FUJITSU CYPRESS 
5C2568CW-25M 70198-25MB 6432-45C 1830HD-45C 7144E-W 70264-55M 
5C2568W-25M 70198-25MB 6432-55C 1830HD-55C 7144H_ 70264-55C 
5C6401-25M 70187A-25MB 7138E-W 70291/2A-50M 
5C6404-25M 70164A-25MB EDI CYPRESS 7132E 7C0282A-45C 


5C1608-30M 70128A-25M 8464C-45 70194-45 7132E-W 7C0282A-45M 
5C6401-30M 70187A-25MB 8F32256C 1841PZ 7132H 7C0282A-45C 
5C6404-30M 70164A-25MB 8F3264C 1831PZ 7132H-SK 7C0281A-45C 
5C6408-30M 70185A-25MB 


8F8512CXXBC 1465PC-XXC 7132Y 7C282A-30C 
8F8512LPXXB6C  1465LPD-XXC 7132Y-SK 7C281A-30C 
8F8512PXXB6C - 1465LPD-XXC 7138Y-35 70291/2A-35C 
8M3264CXXC6B =. M1830HD-XXMB 7138H-45 70291/2A-35C 
8M3264CXXC6C -M1830HD-XXC 7138E-55 7C291/2A-50C 


8M32256CXXC6B_ M1840HD-XXMB 7132L-70 7C281/2A-45C 
5C2568W-35M 7C198-35MB ApSDSEECIOLCEER: TGRDHDSOLE 2147H-35 2147-35C 


5C6401-35M 70187A-35MB 8M8512CXXM6C 1464PD-XXC 2149-45 2149-45C 
5C6404-35M 7C0164A-35MB 2147H-45 2147-45C 


5C6408-35M 70185A-35MB 2 81074-25 70164-25C 


FUJITSU CYPRESS 
5C2561-45M 7C0197-45MB 81075-25 70166-25C 


PREFIX: MB PREFIX: CY 
5C2564-45M 70194-45MB 71A38-25 70291/2A-25C 


PREFIX: MBM PREFIX: CY 


5C1608-35M 7C0128A-35M 
5C2561-35M 70197-35MB 
5C2564-35M 70194-35MB 
5C2568-35M 70199-35MB 
5C2568CW-35M 70198-35MB 


5C2568-45B 70199-45MB 81C67-35 70167A-35C 


SUFFIX: F SUFFIX: F 
5C2568CW-45B 70198-45MB 81C074-35 70164-35C+ 


SUFFIX: M SUFFIX: P 
5C2568W-45B 7C0198-45MB 81C075-35 70166-35C 


SUFFIX: Z SUFFIX: D 


8464L-70 70185-45C+ 


81C84A-35 7C194-35 
CATALYST CYPRESS 8464L-100 7C0185-55C+ 


; : . 71A38-35 70291/2A-35C 
PREFIX: CAT PREFIX: CY 3299 70188 


| 71044-35 70264-35C 
27HC256-55L 27C256-55C+ 8987-35 70199-35 


| 81C67-45 7C167A-45C 
27HC256L/LI-55 270 256-55C/I | 9097-45 70199-45 


81C68-45 7C168A-45C 
27HC256-70L 27C256-70C+ 8128-10 7C0128A-55C 


81C071-45 7C0187-45C 
27HC256L/LI-70 27C256-70C/ 8171-55 7C187-45C 


81C074-45 70164-45C 
27HC256-90L 27C256-70C+ 8128-15 | 7C0128A-55C 


81078-45 70186-45C 
27HC256-120L 27C0256-120C+ 8168-55 7C168A-45C 

81C81A-45 70197-45 

8167A-55 70167A-45C , 
81C84A-45 70194-45 
DALLAS CYPRESS 8171-70 70187-45C 

71044-45 70264-45C 
PREFIX: DS PREFIX: CY 8167-70W 70167A-45M 

71046-45 70254-45C 
2009 70421-25C 8167A-70 70167A-45C 

81C67-55W 7C167A-45M .- 
2010 70425-25C 7238RA-20 7C245A-18C 

81C68-55W 70168A-45M+ 
2011 70429-25C 7238RA-25 7C245A-25C 

81071-55 70187-45C 


7232RA-25 7C235A-25C 
81C078-55 70186-55C 


7226RA/S-25 7C225A-25C 
DENSEPAK CYPRESS 81C86-70 7C192-45C+ 
. 7144E 7C264-55C 
PREFIX: DPS PREFIX: CYM 27C256A-150C 27C256-150C+ 


81C81A-35 70197-35 


1-38 


a 
a 


v 


- 


FUJITSU 
27C128-170C 
27C256A-170C 
270128-200C 
27C256A-200C 
270128-250C 
7238RA-20-W 
7238RA-25-W 


HARRIS 
PREFIX: HM 
PREFIX: HPL 
SUFFIX: 8 
PREFIX: 1 
PREFIX: 9 
PREFIX: 4 
PREFIX: 3 
16LC8-9 
16RC8-9 
16LC8-8 
16RC8-8 
16L.C8-5 
16RC8-5 
16RC6-9 
16RC6-8 
16RC6-5 
16RC4-9 
16RC4-8 
16RC4-5 
6-7681-5 
6-7681A-5 
6-76161-2 
6-76161-5 
6-76161A-2 
6-76161A-5 
6-76161B-5 
76641-2 
76641-5 
76641A-5 
7681-2 
7681-5 
7681A-5 


Qh 


YPRESS 


CYPRESS 
27C128-150C+ 
27C256-150C+ 
270128-200C+ 
27C256-200C+ 
27C128-200C+ 
7C245A-18M 
7C245A-25M 


CYPRESS 
PREFIX: CY 
PREFIX: CY 
SUFFIX: B 
SUFFIX: D 
SUFFIX: F 
SUFFIX: L 
SUFFIX: P 
PALC16L8-40M 
PALC16R8-40M 
PALC16L8-40M 
PALC16R8-40M 
PALC16L8L-35C 
PALC16R8L-35C 
PALC16R6-40M 
PALC16R6-40M 
PALC16R6L-35C 
PALC16R4-40M 
PALC16R4-40M 
PALC16R4L-35C 
7C281A-45C 
7C281A-45C 
7C291A-50M 
7C291A-50C 
7C291A-50M 
7C291A-50C 
7C291A-35C 
7C264-55M 
7C264-55C 
7C264-45C 
7C282A-45M 
7C282A-45C 
7C282A-45C 


HARRIS 
76161-2 
76161A-2 
76161A-5 
76161B-5 


HITACHI 
PREFIX: HM 
PREFIX: HN 
PREFIX: HN48 
SUFFIX: CG 
SUFFIX: G 
SUFFIX: P 
25089 
25089S 
251698 
27128G-25C 
27256G-15 
27256G-17 
27256G-20 
4847 
4847-2 
4847-3 
6116ALS-12 
6116AS-12 
6147 
6147-3 
6147H-35 
6147H-45 
6147H-55 
6147HL-35 
6147HL-45 
6148 
6148H-35 
6148H-45 
6148H-55 
6148HL-35 
6148HL-45 
6148L 
6167-6 
6167-8 
6167H-55 


CYPRESS 

7C292A-50M 
7C292A-50M 
7C292A-50C 
7C292A-35C 


CYPRESS 
PREFIX: CY 
PREFIX: CY 
PREFIX: CY 
SUFFIX: L 
SUFFIX: D 
SUFFIX: P 
7C282-45C 
7C282-45C 
7C292-50C 
27C128-200C+ 
27C256A-150C 
27C256A-150C 
27C256A-200C 
2147-55C 
2147-45C 
2147-55C 
6116A-55C* 
6116A-55C+ 
7C147-45C* 
7C147-45C* 
7C147-35C+ 
70147-45C+ 
7C147-45C+ 
7C147-35C* 
7C0147-45C* 
7C148-45C 
21L48-35C 
7C0148-45C+ 
7014845C+ 
21L48-35C* 
7C0148-45C* 
7C148-45C* 
7C167A-45C+ 
7C167A-45C+ 
7C167A-45C 


1-39 


HITACHI 
6167H-70 
6167L-6 
6167L-8 
6168H-45 
6168HL-45 
6207P-35 
6207P-45 
6208P-35 
6208P-45 
62256 
62256BLTM-xx 
62256BLRM-xx 
62256BLFP-xx 
62256BLFP-xx 
62256BLP-xx 
62256BLTM-xx 
62256BLRM-xx 
62256BLFP-xx 
62256BLTM-xxSL 
62256BLRM-xxSL 
62256BLFP-xxSL 
6264AFP-XX 
6264AFP-XX 


| 6267-35 


6267-45 
6268-25 

6268-35 

6281 28ALFP-xx 
6281 28ALT-xx 
628128ALFP-xxL 
6281 28ALT-xxL 
628128ALT-xxL 
628128ALP-xxSL 
628128LT-xxSL 
62832H 

62832 

6288-35 

62932 
62W256LT-xx 
62W256LFP-xxT 
62W256LFP-xxT 
62W256LT-xx 


Product Line Cross Reference 


CYPRESS 
7C167A-45C 
7C167A-45C* 
7C167A-45C" 
7C168A-45C+ 
7C168A-45C" 
70197-35 
7C0197-45 
7194-35 
70194-45 

70198" 
CY62256-70ZC 
CY62256-70RZC 
CY62256-70SC 
CY62256-70SNC 
CY62256-70PC 
CY62256L-70ZC 
CY62256L-70RZC 
CY62256L-70SNC 
CY62256L-70ZC 
CY62256LL-70RC 
CY62256LL-70SNC 
6264-70SC __ 
6264-70SNC 
7C167A-35C+ 
7C167A-45C 
7C168A-25C 
7C168A-35C 
62128-70SC 
62128-70ZC 
62128-70RZC 
62128L-70SC 
62128L-70ZC 
62128LL-70SC 
62128LL-70ZC 
701994 

70199 

70164-35C 

70188 
CY62256-70ZC 
CY62256V-70SC 
CY62256V-70SNC 
CY62256VL-70ZC 


HITACHI 
62W256LFP-xxT 
62W256LFP-xxT 
62W256LT-xxSL 
62W256LT-xxSLT 


6707-20 
6707-25 
6707A-15 
6707A-20 
6707A-25 
6708-20 
6708-25 
6708A-15 
6708A-20 
6708A-25 
6709-20 
6709-25 
6709A-15 
6709A-20 


6709A-25 
6716-25 
6716-30 
6787-30 
6788-25 
6788-30 


HYUNDAI 
PREFIX: HY 
62256AT 1-xx 
62256AR1-xx 
62256AJ-xx 
62256AJ-xx 
62256AP-xx ° 
62256ALT 1-xx 
62256ALR1-xx 
62256ALJ-xx 
62256ALLT1-xx 
62256ALLR1-xx 
62256ALLJ-xx 
62V256AT1-xx 
62V256AR1-xx 
62V256AJ-xx 


CYPRESS 
CY62256VL-70SC 

CY62256VL-70SNC 
CY62256VLL-70ZC 


CY62256VLL- 
7OSNC 


7C197-20C 
7C197-25C 
7C197-15C 
7C197-20C 
7C197-25C 
7C0194-20C 
70194-25C 
70194-15C 
70194-20C 
70194-25C 
7C195-20C 
7C195-25C 
7C0195-15C 
7C0195-20C 
7C0195-25C 
7C128A-25C 
7C128A-25C 
7C187-25C 
7C0164-25C 
7C0164-25C 


CYPRESS 
PREFIX: CY 
CY62256-70ZC 
CY62256-70RZC 
CY62256-70SC 
CY62256-70SNC 
CY62256-70PC 
CY62256L-70ZC 
CY62256L-70RZC 
CY62256L-70SNC 
CY62256L-70ZC 
CY62256LL-70RC 
CY62256LL-70SNC 
CY62256-70ZC 
CY62256-70RZC 
CY62256V-70SC 


HYUNDAI 
62V256AJ-xx 
62V256ALT1-xx 
62V256ALR1-xx 
62V256ALJ-xx 
62V256ALJ-xx 
62V256ALLT 1-xx 
62V256ALLR1-xx 


62V256ALLJ-xx 


628100AG-xx 
628100AT 1-xx 
628100AR1-xx 
628100ALG-xx | 
628100ALT1-xx 
628100ALLG-xx 
628100ALLT1-xx 
62V8100ALG-xx 
62V8100ALT1-xx 
62V8100ALG-xx 
62V8100ALT1-xx 
6264AJ-xx - 
6264AJ-xx 


ics 
ICS9159C-02 
AV9159-01 
ICS9159-05 


ICT 
27CX256-35C 
27CX256-45C 
27CX256-55C 


Icw 


W84C60-202 
W84C60-402 


W48C60-203 
W84C60-404 


CYPRESS 
CY62256V-70SNC 
CY62256VL-70ZC 


CY62256VL-70RZC 


CY62256VL-70SC 
CY62256VL-70SNC 
CY62256VLL-70ZC 


CY62256VLL- 
7ORZC 


CY62256VLL- 
70SNC 


62128-70SC 
62128-70ZC 
62128-70RZC 
62128L-70SC 
62128L-70ZC 
62128LL-70SC 
62128LL-70ZC 
62128VL-70SC 
62128VL-70ZC 
62128VLL-70SC 
62128VLL-70ZC 
6264-70SC 
6264-70SNC 


CYPRESS 
CY2254SC-1 
CY2255SC-1 
CY2260 


CYPRESS 
CY27H256-35C 
CY27C256-45C 
CY27C256-55C. 


CYPRESS 
CY2254SC-1 
CY2254SC-1 
CY2255SC-1 
CY2260 


1-40 


IDT 

PREFIX: IDT 
PREFIX: IDT 
SUFFIX: B 
SUFFIX: D 
SUFFIX: F 
SUFFIX: L 
SUFFIX: P 
SUFFIX: PF 
39C01CB 
39C01CC 
39C01CM 
39C01DB 
39C01DC 
39C09A - 
39C09AB 
39C10B 
39C10BB 
39C11A 
39C11AB 
6116SA25 © 
6116SA35 
6116SA35 
6116SA35B 
6116SA35B 
6116SA45 
6116SA45 
6116SA45B 
6116SA45B 
6116SA55B 
6116SA55B 
61298SA15 
61298SA25 
61298SA25B 
61298SA35 
61298SA35B 
61298SA45 
61298SA45B 
6167SA15 
6167SA20 
6167SA20B 
6167SA25 


Product Line Cross Reference 


CYPRESS 
PREFIX: CY 
PREFIX: CYM 
SUFFIX: B 
SUFFIX: D 
SUFFIX: F 
SUFFIX: L 
SUFFIX: P 
SUFFIX: A 
70901 -32M+ 
2901CC+ 
2901CM+ 
70901 -27M+ 
70901 -23C+ 
7C909-40C+ 
7C909-40M+ 
70910-50C- 
70910-51M 
70911-40C+ 
70911-40M+ 
70128A-25C 
70128A-35C 
6116A-35C 
70128A-35MB 
6116A-35MB 
7C0128A-45C 
6116A-45C 
70128A-45MB 
6116A-45MB 
70128A-55MB 
6116A-55MB 
70196-15 
70196-25C 
70196-25MB 
70196-35C 
70196-35MB 
7C196-45C 
70196-45MB 
70167A-15C 
70167A-20C 
7C167A-20B 
70167A-25C 


6167SA25B 
6167SA35 
6167SA35B 
6167SA45B 
6168SA15 
6168SA20 
6168SA20B 
6168SA25 
6168SA25B 
6168SA35 
6168SA35B 
6168SA45B 
6197SA15 
6197SA15 
6197SA25 
6197SA35 
6197SA35B 
6197SA45B 
6197SA55 
6197SA55B 
6198SA15 
6198SA20 
6198SA20B 
6198SA25 
6198SA25B 
6198SA30B 
61B298S12 
61B298S15 
61B298S20 
61B298S15B 
61B298S20B 
7005835 
7005835 
7005S45B 
7006815 
7006817 
7006820 
7006825 
7006835 
7006855 
7006S70 
7015825 


CYPRESS 
7C0167A-25M 
7C0167A-35C 
70167A-35MB 
70167A-45MB 
7C0168A-15C 
7C168A-20C 
7C0168A-20B 
7C168A-25C 
7C168A-25MB 
7C0168A-35C 
7C168A-35MB 
7C168A-45MB 
70170A-15C 
7C170A-20C 
7C0170A-25C 
70170A-35C 
7C170A-35MB 
7C170A-45MB 
7C0170A-45C 
7C0170A-45MB 
70166-15C 
70166-20C 
7C0166-A20MB 
70166-25C 
70166-A25MB 
7C166A-25MB 
70195-12C 
70195-15C 
70195-20C 
70195-15MB 
70195-20MB 
70144-25C 
70144-35C 
70144-35MB 
7C006-15C 
7C006-15C 
7C006-15C 
7006S25C 
7006S35C 
7C006-55C 
70024-15C 
70145-25C 


IDT 
7015835 
7016825 
7016835 
7024815 
7024817 
7024520 
7024825 
7024835 
7024555 
7024555 
7025815 
7025217 
7025820 
7025825 
7025835 
7133825 
7133835 
71435825 
7143835 
71V256-15 
71V256-20 
71V256-25 
71024-15 
71024-20 
71024-20 
71024-25 
71028-15 
71028-20 
71028-25 
71256SA15 
71256SA20 
71256SA20B 
71256SA25 
71256SA30 
71256SA30B 
71256SA35 . 
71256SA35B 
71256SA45 
71256SA45B 
71257SA25 
71257SA25B 
71257SA35 


Product Line Cross Reference 


CYPRESS 
70145-35C 
70016-25C 
70016-35C 
70024-15C 
70024-15C 
70024-15C 
70024-25C 
70024-35C 
70024-55C 
70025-55C 
7C0025-15C 
70025-15C 
70025-15C 
70025-25C 
7C0025-35C 
70133-25C 
70133-35C 
70143-25C 
70143-35C 
701399-15C 
701399-20C 
701399-25C 
7C109A-15C 
70109A-20C 
70109-20C 
70109-25C 
70106A-15C 
7C0106A-20C 
70106A-25C 
70199-15C 
70199-20C 
70199-20MB 
70198-25C 
70198-25C 
70198-25MB 
70198-35C 
7C0198-35MB 
70198-45C 
70198-45MB 
70197-25C 
70197-25MB 
70197-35C 


1-41 


IDT 
71257SA35B 
71257SA45 
71257SA45B 
71257SA55 
71258SA25 
71258SA25B 
71258SA35 
71258SA35B 
71258SA45 
71258SA45B 
71281SA25 
71281SA25B 
71281SA35 
71281SA35B 
71281SA45 
71281SA45B 
71282SA25 
71282SA25B 
71282SA35 
71282SA35B 
71282SA45 
7130LA25 
7130LA25J 
7130LA30 
7130LA30J 
7130LA35 
7130LA35B 
7130LA35J 
7130LA35LB 
7130LA45 
7130LA45B 
7130LA45J 
7130LA45LB 
7130LA55 
7130LA55B 
7130LA55J 


7130LA55L52B 


7130LA70 
7130LA70B 
7130LA70J 
7130LA70LB 
7130LA90LB 


CYPRESS 
7C197-35MB 
70197-45C 
70197-45MB 
70197-45C 
70194-25C 
70194-25MB 
70194-35C 
70194-35MB 
70194-45C 
70194-45MB 
70191-25C 
70191-25MB 
70191-35C 
70191-35MB 
70191-45C 
70191-45MB 
70192-25C 
70192-25MB 
70192-35C 
7C0192-35MB 
70192-45C 
70130-25C 
70131-25JC 
70130-30C 
70131-30JC . 
70130-35C 
70130-35MB 
70131-35J5C 
70130-35LMB 
70130-45C 
70131-45MB 
70131-45JC 
7C0130-45LMB 
70130-55C 
70131-55MB 
70131-55J3C 
7C0130-55LMB 
70130-55C 
70131-55MB 
70131-55JNC 
70130-55LMB 
70131-55LMB 


7130SA25 
7130SA25J 
7130SA30 
7130SA30J 
7130SA35 
7130SA35B 
7130SA35J 
7130SA35LB 
7130SA45 
7130SA45B 
7130SA45J 
7130SA45LB 
7130SA55 
7130SA55B 
7130SA55J 
7130SA55LB 
7130SA70 
7130SA70B 
7130SA70J 
7130SA70LB 
7130SA90 
7130SA90B 
7130SAQ90J 
7130SA90LB 
7130SA100 
7130SA100B 
7130SA100LB 
71321LA25 
71321LA30 
71321LA35 
71321LA35B 
71321LA45 
71321LA45B 
71321LA55 
71321LA55B 
71321LA70 
71321LA70B 
71321LA90 
71321LA90B 
71321SA25 
71321SA30 
71321SA35 


CYPRESS 
7C130-25C 
70131-25JC 
7C130-25C 
7C131-30JC 
7C130-35C 
7C130-35MB 
70131-35JC 
7C131-35LMB 
7C130-45C 
7C130-45MB 
70131-45JC 
7C131-45LMB 
7C130-55C 
7C130-55M 
7C131-55JC 
7C131-55LMB 
7C130-55C > 
7C130-55MB 


70131-55JC 


70131-55LMB 
7C130-55C 
7C1 30-55MB 
70131-55JC 
70131-55LMB 
70130-55C 
7C130-55MB 
7C131-55LMB 
70136-25C 
7C136-30C 
7C136-35C 
7C136-35MB 
7C0136-45C 
7C136-45MB 
70136-55C 
7C0136-55MB 
7C136-55C 
7C136-55MB 
70136-55C 
7C0136-55MB 
7C136-25C 
70136-30C 
7C136-35C 


IDT 
71321SA35B 
71321SA45 
71321SA45B 
71321SA55 
71321SA55B 
71321SA70 
71321SA70B 
71321SA90 
71321SA90B 
713256-20 
713256-25 
7132LA25° 
7132LA30 
7132LA35 
7132LA35B 
7132LA45 
7132LA45B 
7132LA55 
7132LA55B 
7132LA70. 
7132LA70B 
7132LA90 
7132LA90B 
7132LA100 
7132LA100B 
7132LA120B 
7132SA25 
7132SA30 
7132SA35 
7132SA35B 
7132SA45 


7132SA45B — 


7132SA55 
7132SA55B 
7132SA70 
7132SA70B 
7132SA90 
7132SA90B 
7132SA100 
7132SA100B 
7132SA120B 
71342835 | 


Product Line Cross Reference 


CYPRESS © 


7C136-35MB © 


7C136-45C 
7C136-45MB 
7C136-55C 
7C136-55MB 
7C136-55C 
7C136-55MB 
7C136-55C 
70136-55MB 
7C1399-20C 
7C1399-25C 
70132-25C 
70132-30C 
70132-35C 
7C132-35MB 
7C132-45C 
7C132-45MB 
7C132-55C* 
7C132-55MB 
70132-55C* 
7C132-55M"* 


70132-55C* | 


7C132-55M"* 
7C132-55C* 
7C132-55M"* 
70132-55M" 
7C132-25C 

7C132-30C 

7C132-35C 

7C132-35MB 
7C132-45C 

7C132-45MB 
7C132-55C+ 
7C132-55MB 
70132-55C+ 
70132-55M+ 


7C132-55C+ - 


7C132-55M+ 


70132-55C+ - 


7C132-55M+ 
7C132-55M+ 
7C01342-25C 


1-42 


IDT 
71342835 
71342S45B 
7134835 
7134835. 
7134S35J52 
7134S35J52 
7134S35L52 
7134S35L52 
7134S45B 
7134S45L52B 
7140LA25 
7140LA25J 
7140LA30 
7140LA30J 
7140LA30L52 
7140LA35 
7140LA35B 
7140LA35J 
7140LA35LB 
7140LA45 
7140LA45B 
7140LA45J 
7140LA45LB 
7140LA55 
7140LA55B 
7140LA55J52 
7140LA55LB 
7140LA70 
7140LA70B 
7140LA70J 
7140LA70LB 
7140LA90J 
7140LA90LB 
7140SA25 
7140SA25J 
7140SA30 
7140SA30J 
7140SA35 
7140SA35B 
7140SA35J 
7140SA35LB 
7140SA45 


CYPRESS 
701342-35C 
701342-35MB 
70134-25C 
70134-35C 
70135-25JC 
70135-35JC 
70135-25LC 
70135-35LC 
7C134-35MB 
7C135-35LMB 
70140-25C 
70141-25JC 
7C140-30C 
70141-30JC 
70141-30LC 
70140-35C 
7C140-35MB 
70141-35JC 
70141-35LMB 
70140-45C 
70140-45MB 
70141-45JC 
70141-45LMB 
70140-55C 
70140-55MB 
70141 -55JC 
70141-55LMB 
70140-55C 
70140-55MB 
70141-55JC 
70141-55LMB 
70141-55JC 
7C141-55LMB 
70140-25C 
70141-25JC 
70140-30C 
70141-30JC 
70140-35C 
7C140-35MB 
70141-355C 
70141-35LMB 
70140-45C 


7140SA45B 
7140SA45J 
7140SA45LB 
7140SA55 
7140SA55B 
7140SA55J 
7140SA55LB 
7140SA70 
7140SA70B 
7140SA70J 
7140SA70LB 
7140SA90 
7140SA90B 
7140SA90J 
7140SA90LB 
7140SA100 
7140SA100B 
7140SA100L 
7140SA100LB 
71420-9 
71420-10 
71420-12 
71421LA25 
71421LA30 
71421LA35 
71421LA35B 
71421LA45 
71421LA45B 
71421LA55 
71421LA55B 
71421LA70 
71421LA70B 
71421LA90 
71421LA90B 
71421SA25 
71421SA30 
71421SA35 
71421SA35B 
71421SA45 
71421SA45B 
71421SA55 
71421SA55B 


CYPRESS 
7C140-45MB 
70141-45JC 
70141-45LMB 
70140-55C 
7C140-55MB 
70141-55JC 
7C0141-55LMB 
70140-55C 
7C0140-55MB 
70141-55JC 
70141-55LMB 
70140-55C 
7C0140-55MB 
70141-55JC 
70141-55LMB 
70140-55C 
7C140-55MB 
70141-55C 
70141-55MB 
70178-8.5 
70178-9.5 
70178-12 
70146-25C 
70146-30C 
70146-35C 
7C146-35MB 
70146-45C 
70146-45MB 
70146-55C 
7C0146-55MB 
70146-55C 
70146-55MB 
70146-55C 
70146-55MB 
70146-25C 
70146-30C 
70146-35C 
7C0146-35MB 
70146-45C 
70146-45MB 
70146-55C 
70146-55MB 


IDT 
71421SA70 
71421SA70B 
71421SA90 
71421SA90B 
7142LA25 
7142LA30 
7142LA35 
7142LA35B 
7142LA45 
7142LA45B - 
7142LA55 
7142LA55B 
7142LA70 
7142LA70B 
7142SA25 
7142SA30 
7142SA35 
7142SA35B 
7142SA45 
7142SA45B 
7142SA55 
7142SA55B 
7142SA70 
7142SA70B 
71V432S7PF 
71V432S8PF 
71V432S10PF 
7164SA20 
7164SA20P 
7164SA25 
7164SA25B 
7164SA25P 
7164SA25PB 
7164SA30 
7164SA30B 
7164SA30P 
7164SA30PB 
7164SA35 
7164SA35B 
7164SA35P 
7164SA35PB 
7164SA45B 


Product Line Cross Reference 


CYPRESS 
7C146-55C 
7C146-55MB 
7C146-55C 
7C146-55MB 
7C142-25C 
7C142-30C 
7C0142-35C 
7C142-35MB 
7C142-45C 
7C142-45MB 
7C142-55C 
7C142-55MB 
7C0142-55C 
7C142-55MB 
7C142-25C 
7C0142-30C 
70142-35C 
7C142-35MB 
7C0142-45C 
7C142-45MB 
7C142-55C 
7C142-55MB 
7C0142-55C 
7C142-55MB 
CY7C1335-75AC 
CY7C1335-66AC 
CY7C1335-60AC 
7C185-20C 
7C186-20C 
7C185-25C 
7C185A-25MB 
7C186-25C 
7C186A-25MB 
7C185-25C 
7C185A-25MB 
7C186-25C 
7C186A-25MB 
7C185-35C 
7C185A-35MB 
7C186-35C 
7C186A-35MB 
7C185A-45MB 


1-43 


IDT 
7164SA45PB 
7164SA55B 
7164SA55BP 
71681SA25 
71681SA25B 
71681SA35 
71681SA35B 
71681SA45 
71681SA45B 
71681SA55B 
71681SA70B 
71681SA85B 
71682SA25 
71682SA25B 
71682SA35 
71682SA35B 
71682SA45 
71682SA45B 
71682SA100B 
7187SA15 
7187SA20 
7187SA25 
7187SA25B 
7187SA30 
7187SA30B 
7187SA35 
7187SA35B 
7187SA45B 
7188SA15 
7188SA20 
7188SA20B 
7188SA25 
7188SA25B 
7188SA30 
7188SA35 
7188SA35B 
71981535 
71981S35B 
71981S45 
71981S45B 
71981S55B 
71981S70B 


CYPRESS 
7C186A-45MB 
70185A-55MB 
70185A-55MB 
70171A-25C 
70171A-25MB 
70171A-35C 
70171A-35MB 
70171A-45C 
70171A-45MB 
70171A-45MB 
70171A-45MB 
70171A-45MB 
70172A-25C 
70172A-25MB 
70172A-35C 
70172A-35MB 
70172A-45C 
70172A-45MB 
70172A-45MB 
70187-15C 
70187-20C 
70187-25C 
70187A-25MB 
7C0187-25C 
70187A-25MB 
70187-35C 
70187A-35MB 
7C0187A-45MB 
70164-15C 
70164-20C 
7C164A-20MB 
70164-25C 
70164A-25MB 
70164-25C 
70164-35C 
70164A-35MB 
70161-35C 
70161A-35M 
70161-45C 
7C161A-45M 
7C161A-45M 
70161A-45M 


71981S85B 
71982835 
71982S35B 
71982S45B 
7198S35 
7198S535B 
7198S45B 
71B256A12 
71B256S20 
71B256S20B 
71B256SA12 
71B258S$12 
71B258S15 
71B258S15B 
71B258S20 
71B258S20B 
71B259 
71B2595 
7200LA15 
7200LA20T 
7200LA25T 
7200LA30T 
7200LA35T 
7200LA40T 
| 7200LA50T 
| 7200LA65T 
7200LA80T 
7200SA15 
7200SA20T 
7200SA25T 
7200SA30T 
7200SA35T 
7200SA40T 
7200SA50T 
7200SA65T 
7200SA80T 
7201LA15 
7201LA20 
7201LA20T 
7201LA25 
7201LA25T 
7201LA30B 


CYPRESS 
70161A-45M 
70162-35C 
70162A-35M 
70162A-45M 
70166-35C 
7C166A-35M 
7C166A-45M 
70199-12C 
70199-20C 
70199-20MB 
70199-12C 
70194-12C 
70194-15C 


70194-15MB ~ 


70194-20C 
7C194-20MB 
70188 
70188 
7C419-15 
70419-20 
7C419-25 
70419-30 
70419-30 
7C419-40 
7419-50 
7C419-65 
7C419-65 
70419-15 
7C419-20 
7C419-25 
70419-30 
7C419-30 
70419-40 
7C419-50 
7C419-65 
7C419-65 
70421-15 
7C420-20C _ 
7C421-20C 
7C420-25C 
7C421-25C 
7C420-30MB 


IDT 
7201LA30TB 
7201LA35 
7201LA35T 
7201LA40B 
7201LA40TB 
7201LA50 
7201LA50B 
7201LA50T 
7201LA50TB 
7201LA65 
7201LA65B 
7201LA65T 
7201LA65TB 
7201LA80 
7201LA80B 
7201LA120 
7201LA120B 
7201SA15 
7201SA20 
7201SA20T 
7201SA25 
7201SA25T 
7201SA30B 
7201SA30TB 
7201SA35 
7201SA35T 
7201SA40B 
7201SA40TB 
7201SA50 
7201SA50B 
7201SA50T 
7201SA50TB 
7201SA65 
7201SA65B 
7201SA65T 
7201SA65TB 
7201SA80 
7201SA80B 
7201SA120 
7201SA120B 
7202LA15 
7202LA20 


Product Line Cross Reference 


CYPRESS 
7C421-30MB 
70420-30C 
70421-30C 
7C0420-40MB 
7C0421-40MB 
7C420-40C 
7C420-40MB 
7C0421-40C 
7C0421-40MB 
7C420-65C 
70420-65MB 
7C0421-65C 
70421-65MB 
7C0420-65C 
70420-65MB 
7C420-65C 
7C420-65MB 
70421-15 
70420-20C 
70421-20C 
7C420-25C 
7C421-25C 
70420-30MB 
70421-30MB 
70420-30C 
7C0421-30C 
70420-40MB 
7C0421-40MB 
70420-40C 
7C0420-40MB 
70421-40C 
70421-40MB 
70420-65C 
7C0420-65MB 
70421-65C 
7C421-65MB 
7C0420-65C 
70420-65MB 
7C0420-65C 
7C0420-65MB 
7C425-15 
7C0424-20C 


1-44 


IDT 
7202LA20T 
7202LA25 
7202LA25T 
7202LA30B 
7202LA30TB 
7202LA35 
7202LA35T 
7202LA40B 
7202LA40TB 
7202LA50 
7202LA50B 
7202LA50T 
7202LA50TB 
7202LA65 
7202LA65B 
7202LA65T 
7202LAS5TB 
7202LA80 
7202LA80B 
7202LA120 
7202LA120B 
7202SA15 
7202SA20 
7202SA20T 
7202SA25 
7202SA25T 
7202SA30B 
7202SA30TB 
7202SA35 
7202SA35T 
7202SA40B 
7202SA40TB 
7202SA50 
7202SA50B 
7202SA50T 
7202SA50TB 
7202SA65 
7202SA65B 
7202SA65T 
7202SA65TB 
7202SA80 
7202SA80B 


CYPRESS 
70425-20C 
70424-25C 
70425-25C 
70424-30MB 
70425-30MB 
70424-30C 
70425-30C 
70424-40MB 
70425-40MB 
70424-40C 
70424-40MB 
70425-40C 
70425-40MB 
70424-65C 
7C424-65MB 
70425-65C 
70425-65MB 
70424-65C 
70424-65MB 
70424-65C 
70424-65MB 
70425-15 
70424-20C 
70425-20C 
70424-25C 
70425-25C 
70424-30MB 
7C0425-30MB 
7C0424-30C 
70425-30C 
70424-40MB 
70425-40MB 
70424-40C 
7C424-40MB 
70425-40C 
70425-40MB 
70424-65C 
70424-65MB 
70425-65C 
70425-65MB 
70424-65C 
70424-65MB 


| 


j 
: 


‘ Product Line Cross Reference 


7202SA120 
7202SA120B 
7203L20 
7203L20T 
7203L25 
7203L25B 
7203L25T 
7203L25TB 
7203L30 
7203L30T 
7203L35B 
7203L35TB 
7203L40 
7203L40T 
7203L55B 
7203L55TB 
7203L65 
7203L65B 
7203L65T 
7203L65TB 
7203L80 
7203L80B 
7203L80T 
7203L80TB 
7203820 
7203S20T 
7203825 
7203S25B 
7203S25T 
7203S25TB 
7203830 
7203S30T 
7203S35B 
7203S35TB 
7203840 
7203S40T 
7203S55B 
7203S55TB 
7203865 
7203S65B 
7203S65T 
7203S65TB 


CYPRESS 
70424-65C 
7C0424-65MB 
70428-20C 
70429-20C 
70428-25C 
7C428-25MB 
70429-25C 
70429-25MB 
70428-30C 
70429-30C 
70428-30MB 
70429-30MB 
70428-40C 
70429-40C 
7C428-40MB 
7C429-40MB 
70428-65C 
7C0428-65MB 
7C429-65C 
7C429-65MB 
7C0428-65C 
7C428-65MB 
7C0429-65C 
7C429-65MB 
7C0428-20C 
70429-20C 
7C428-25C 
7C0428-25MB 
70429-25C 
70429-25MB 
70428-30C 
70429-30C 
7C428-30MB 
7C429-30MB 
70428-40C 
70429-40C 
70428-40MB 
7C429-40MB 
7C428-65C 
7C428-65MB 
70429-65C 
70429-65MB 


IDT 
7203S80 
7203S80B 
7203S80T 
7203S80TB 
7204825 
7204S25T 
7204L30 
7204L30T 
7204L35B 


7204L35TB ~ 
| 7204L40 


7204L40T 
7204L55B 


7204L55TB 


7204L65 
7204L65B 
7204L65T 
7204L65TB 
7204L80B 
7204L80TB 
7204S30 
7204S30T 
7204S35B 
7204S35TB 
7204840 
7204S40T 
7204S55B 
7204S55TB 
7204S65 
7204S65B 
7204S65T 
7204S65TB 
7204S80B 
7204S80TB 
7205L20 
7205L25 
7205L30B 
7205L30B 
7205L35 
7205L50 
7205L50B 
7206-15 


CYPRESS 
7C428-65C 
7C428-65MB 
7C429-65C 
7C429-65MB 
7C432-25C 
7C433-25C 
7C432-30C 
70433-30C 
7C432-30MB 
7C433-30MB 
7C432-40C 
7C433-40C 
7C432-40MB 
7C433-40MB 
7C432-65C 
7C432-65MB 
7C433-65C 
7C433-65MB 
7C432-65MB 
7C433-65MB 
7C432-30C 
7C433-30C 
7C432-30MB 
7C433-30MB 
7C432-40C 
7C433-40C 
7C432-40MB 
7C433-40MB 
7C432-65C 
7C432-65MB 
7C433-65C 
7C433-65MB 
7C432-65MB 
7C433-65MB 
7C460-15C 
7C460-25C 
7C460-15MB 
7C460-25MB 
7C460-25C 
7C460-40C 
7C460-40MB 
7C462-15 


1-45 


IDT 
7206-20 
7206-25 
7207L15 
7207L20 
7207L25 
7207L35 
7207L30 
72201L15 
72201L25 
72201L35 
72205LB15 
72205LB25 
72205LB35 
72211115 
72211L25 
72211L35 
72215LB15 
72215LB25 
72215LB35 
72221L15 
72221125 
72221L35 
72225LB15 
72225LB25 
72225LB35 
72231L15 
72231125 
72231L35 
72235LB15 
72235LB25 
72235LB35 
72241L15 
72241L25 
72241L35 
72245LB15 
72245LB25 
72245LB35 
72251L15J 


72251L25J © 


72251L35J 
72251L20J 
72401L10 


CYPRESS 
7C462-20 
70462-25 
7C0464-15 
70464-15 
70464-25 
70464-25 
70464-40 
704201-15 
704201-25 
704201-35 
704205-15 
704205-25 
704205-35 
704211-15 
70421 1-25 
70421 1-35 
704215-15 
704215-25 
704215-35 
704221-15 
704221 -25 
704221-35 
704225-15 
704225-25 
704225-35 
704231-15 
704231 -25 
704231 -35 
704235-15 
704235-25 
704235-35 
704241-15 
704241 -25 
704241-35 
704245-15 
704245-25 
704245-35 
704251-15J 
704251 -25J 
704251 -35J © 
704251-15J 
70401-10C 


72401L10B 
72401L15 
72401L15B 
72401L25 


CYPRESS 
7C0401-10MB 
70401-15C 
70401-15MB 
70401-25C 


IDT 
72811L15 
72821L20 


.72831L25 


72841L35 


CYPRESS 
704811-15 
704811-15 
70481 1-25 
704811-35 


INTEL 
PREFIX: P 
SUFFIX: /B 
1223-35 
{223M-35 


Product Line Cross Reference 


CYPRESS 
SUFFIX: P 
SUFFIX: B 
70148-35C - 
70148-25M+ 


72401L25B 7C401-25MB 
72401135 70401-25C 
72401L35B 7C401-25MB 
72401145 70401-25C 
72402L10 70402-10C 
72402L10B 7C402-10MB 
72402L15 7C0402-15C 
72402L15B 70402-15MB 
72402L25 70402-25C 


7M4017S40C 
7M4017S45C 
7M4017S50C 
7M4017S50CB 
7M4017S55C 
7M4017S60C 
7M4017S60CB 
7M4017S70C 
7M4017S70CB 


1830HD-35C 
1830HD-45C 
1830HD-45C 
1830HD-45MB 
1830HD-55C 
1830HD-55C 
1830HD-55MB 
1830HD-55C 
1830HD-55MB 


1400-35 70167A-35C 
1400M-45 7C167A-45M 
1403-25 70167A-25C 
1403-35 70167A-35C+ 
1403LM-35 70167A-35M* 
1403M-35 70167A-35M+ 
1420-45 70168A-35C 
1420M-55 7C168A-45M+ 


1423-25 7C0168A-25C+ 


72402L25B 
72402L35 
72402L35B 
72402L45 
72403L10 
72403L10B 
72403L15 
72403L15B 
72403L25 


70402-25MB 
70402-25C 
7C0402-25MB 
70402-25C 
70403-10C 
7C0403-10MB 
70403-15C 
7C403-15MB 
70403-25C 


7MP4031 

7MP4036Z 
7MP4036M 
7MP4036Z 
7MP4036M 
7MP4045Z 
7MP4045M 


7MP4120Z 
| 7MP4120M | 


M1821PZ 
M1831PZ 
M1831PM 
M1836PZ 
M1836PM 
M1841PZ 
M1841PM 
M1851PZ 
M1851PM 


1423-35 
1423M-35 
1433-30 
1433-35 . 
1433M-35 
22V10-10C 
22V10-10C 
22V10-10C 
22V10-10C 


70168A-35C+ 
70168A-35M* 
70128A-25C+ 
70128A-35C+ 
70128A-35M+ 
PALC22V10D-7C 
PALC22V10D-10C 
PAL22V10C-7C+ 
PAL22V10C-10C+ 


72403L25B 7C403-25MB 
72403L35 70403-25C 
72403L35B 70403-25MB 
72403L45 70403-25C 
72404L10 70404-10C 
72404L10B 70404-10MB 
72404L15 70404-15C 
72404L15B 70404-15MB 
72421L15 704421-15 
72421L25 704421-25 
72421135 704421-35 
72404L25 70404-25C 
72404L25B 7C0404-25MB 
72404L35 70404-25C 
72404L35B 70404-25MB 
72404L45 70404-25C 
72801L15 704801-15 
72801L20 704801-15 
72801L25 704801-25 
72801L35 704801-35 


7MP6121S M7450PM-33C 
7MP6122S M7451PM-33C 
7MP6133S33 M7427PB-20 
7MP6134S33 M7428PB-20 
7MP6151S33 M9230PB-20 
7MP6152S33 M9231PB-20 
7MP6157S M7432PB-12/15C 
7MP6183S M7424PB-20C 
7MP6184S M7425PB-20C 


22V10-15C PALC22V10B-15C 
22V10-15C PALC22V10D-15C 


ISSI CYPRESS 
PREFIX: IS PREFIX: CY 
SUFFIX: CW SUFFIX: W 
SUFFIX: PL SUFFIX: J 
27HC010-30C 27H010-30C 
27HC010-45C 27H010-45C 
27HC010-55C 27H010-55C 
27HC010-70C 27C010-70C 


IMI CYPRESS 


IMISC478 CY2254SC-1 6101024 701009 


IMISC498 CY2254SC-1 6101024-xxU 


6101024-xxT 


62128-70SC 
62128-70ZC 
INTEL CYPRESS Sites PONSI2 

Seen ieRee SERRE GU 61C632A-5TQ CY7C1335-100AC 
SHeeinece ee 61C632A-7TQ CY7C1335-66AC 
SRE EOD eueecs 61C632A-8TQ CY7C1335-60AC 
Seep Reap Aiea, 62C256-45T 62256-70ZC 


1-46 


i | 


\ 
Wag 
@ 


— a 


ISSI 
62C256-xxU 
62C256-xxU 
62C256-45T 
62C256-xxU 
62C256-45T 
62C256-xxU 
620512 
62C64-xxU 
62C64-xxU 
62LV256-xxT 
62LV256-xxT 
62LV256-xxT 


LATTICE 
PREFIX: EE 
PREFIX: GAL 
PREFIX: ST 
SUFFIX: B 
SUFFIX: D 
SUFFIX: L 
SUFFIX: P 
GAL16V8A-10LJ 
GAL16V8A-10LP 
GAL16V8A-15LJ 
GAL16V8A-15LP 
GAL16V8A-15QJ 
GAL16V8A-15QP 
GAL16V8A-25LJ 

| GAL16V8A-25LP 

GAL16V8A-25QJ 

GAL16V8A-25QP 

GAL16V8B-7LJ 

GAL16V8B-7LP 

GAL16V8B-10LJ 

GAL16V8B-10LJ!I 

GAL16V8B-10LP 

GAL16V8B-10LPI 

GAL16V8B-15LJI 

GAL16V8B-15LPI 

GAL16V8B-25LJI 

GAL16V8B-25LPI 


YPRESS 


CYPRESS 
62256-70SC 
62256-70SNC 
62256L-70ZC 
62256L-70SNC 
62256LL-70ZC 
62256LL-70SNC 
701512 
6264-70SC 
6264-70SNC 
62256V-70ZC 
62256VL-70ZC 
62256VLL-70ZC 


CYPRESS 

PREFIX: CY 
PREFIX: CY 
PREFIX: CY 
SUFFIX: B 
SUFFIX: D 
SUFFIX: L 

SUFFIX: P 
PALCE16V8-10JC 
PALCE16V8-10PC 
PALCE16V8-15JC 
PALCE16V8-15PC 
PALCE16V8L-15JC 
PALCE16V8L-15PC 
PALCE16V8-25JC 
PALCE16V8-25PC 
PALCE16V8L-25JC 
PALCE16V8L-25PC 
PALCE16V8-7JC 
PALCE16V8-7PC 
PALCE16V8-10JC 
PALCE16V8-10uJI 
PALCE16V8-10PC 
PALCE16V8-10PI 
PALCE16V8-15JI 
PALCE16V8-15Pi 
PALCE16V8-25Jl 
PALCE16V8-25PI 


LATTICE 
GAL16V8C-5LJ 
GAL20V8A 
GAL20V8B 
GAL22V10B-7LJ 


| GAL22V10B-7LP 


GAL22V10B-10LJ 
GAL22V10B-10LP 


GAL22V10B- 
15LD/883 


GAL22V10B-15LJ 
GAL22V10B-15LJI 
GAL22V10B-15LP 


GAL22V10B- 
15LPI 


GAL22V 10B- 
15LR/883 


GAL22V10B-20LJI 


GAL22V 10B- 
20LD/883 


GAL22V10B- 
20LPI 


GAL22V10B- 
20LR/883 


GAL22V10B- 
25LD/883 


GAL22V10B-25LJ 
GAL22V10B-25LJI 
GAL22V10B-25LP 


GAL22V10B- 
25LPI 


GAL22V 10B- 
25LR/883 


GAL22V 10B- 
30LD/883 


GAL22V10B- 
30LR/883 


GAL22V10C-5LJ 
GAL22V10C-7LJ 
GAL22V10C-7PC 


MACRONIX 
PREFIX: MX 
SUFFIX: P 
SUFFIX: Q 
SUFFIX: D 
SUFFIX: T 
27C1000-45C 


Product Line Cross Reference 


CYPRESS 
PALCE16V8-5JC 
PALCE20V8 
PALCE20V8 
PALCE22V10-7JC 
PALCE22V10-7PC 
PALCE22V10-10JC 
PALCE22V10-10PC 


PALCE22V10- 
15DMB 


PALCE22V10-15JC 
PALCE22V10-15Jl 
PALCE22V10-15PC 
PALCE22V10-15PI 
PALCE22V10- 
15LMB 
PALCE22V10-15ul 


PALCE22V10- 
15DMB 


PALCE22V10-15PI 
PALCE22V10- 
15LMB 

PALCE22V 10- 
25DMB 
PALCE22V10-25JC 
PALCE22V10-25ul 
PALCE22V10-25PC 
PALCE22V10-25PI 
PALCE22V10- 
25LMB 


PALCE22V10- 
25DMB 


PALCE22V10- 
25LMB 


PALCE22V10-5JC 
PALCE22V10-7JC 
PALCE22V10-7PC 


CYPRESS 
PREFIX: CY 
SUFFIX: P . 
SUFFIX: J 
SUFFIX: W 
SUFFIX: Z 
27H010-45C 


1-47 


MACRONIX 
27C1000-55C 
2701000-70C 
2701000-90C 
2701000-120C 
27C1000-150C 
2701000-200C 
27C256-45C 
27C256-55C 
27C256-70C 
27C256-90C 
27C256-120C 
27C256-150C 
27C256-200C 
270512-45C 
270512-55C 
270512-70C 
27C512-90C 
270512-120C 
270512-150C 
270512-200C 


MICROCHIP 
SUFFIX: J 
SUFFIX: P 
SUFFIX: L 
27C64-12 
27C64-15 
27C64-17 
27C64-20 
27C64-25 
27C128-12 
270128-15 
27C128-17 
270128-20 
27C128-25 
27C256-10 
27C256-12 
27C256-15 
27C256-20 
270512-10 
27C512-12 


CYPRESS 
27C010-55C 
27C010-70C 
27C010-90C 
27C010-120C 
27C010-150C . 
27C010-200C 
27C256A-45C 
27C256A-55C 
27C256A-70C 
27C256A-90C 
27C256A-120C 
27C256A-150C 
27C256A-200C 
27H512-45C 
27H512-55C 
27C512-70C 
27C512-90C 
270512-120C 
270512-150C 
27C0512-200C 


CYPRESS 
SUFFIX: W 
SUFFIX: P 
SUFFIX: J 
27C64-120C 
27C64-150C 
27C64-150C 
27C64-200C 
27C64-200C 
CY27C128-120C 
CY27C128-150C 
CY27C128-150C 
CY27C128-200C 
CY27C128-200C 
CY27C256A-90C 
CY27C256A-120C 
CY27C256A-150C 
CY27C256A-200C 
27C512-90C 
27C0512-120C 


MICROCHIP 
27C0512-15 
27C512-20 
27C512-90 
27HC256-55 
27HC256-70 
27HC256-90 


CYPRESS 
27C512-150C 
270512-200C 
270512-90C 


CY27C256A-55C 
CY27C256A-70C: 
CY27C256A-90C . 


MICRON** 
5C1605-30 
5C1605-35C 
5C 1608-15 
5C1608-20C 
5C1608-25C 
5C1608-35C 
5C2561-15 
5C2561-20 


CYPRESS 
70170A-25C 


70170A-35C: 
70128A-15C 


70128A-20C 
70128A-25C 
70128A-35C 
70197-15 - 
70197-20 


_| MICRON* 


5C6408-15 
5C6408-20C 
5C6408-25C 
5C6408-30 
5C6408-35C 
5LC2568-15 


5LC2568-20C 
5LC2568-25C 


Product Line Cross Reference 


CYPRESS 
70185-15C 
70185-20C 
70185-25C 
70185-25C 
70185-35C 
701399-15 
701399-20C 
701399-25C 


MICROLINEAR CYPRESS 
SUFFIX: CQ SUFFIX: JC 
4663 704663 


5C 2561-25 — 
5C2561-30 


70197-25C 
70197-25C 


58LC32K32D8L-8.5 701335-117AC 
58LC32K32D8L-10 7C1335-100AC 


MICRON** 
PREFIX: MT 
5C 2568-12 
5C2565-12 
5C2564-12 
5C2561-12 


58LC64K18-10 


58LC64K18-9 


58LC64K18B2 


5C1001-15C 
5C1001-20C 
5C1001-25C 
5C1008-20C 
5C1008-25C 
5C1008-12C 
5C1008-15C 
5C1008-20C 
5C1601-15 
5C1601-20C 
5C1601-25C 
5C1601-30 
5C1601-35C 
5C1604-15 
5C1604-20C 
5C1604-25C 
5C1604-30 
5C1604-35C 
5C1605-15 
5C1605-20C 


5C1605-25C . 


CYPRESS 
PREFIX: CY 
7C199-12 
7C195-12 
70194-12 
70197-12 
7C1031-10 
7C1031-8.5 
701331 
7C107A-15C 
7C107A-20C 
7C107A-25C 
7C109-20C 
7C109-25C 
7C109A-12C 
7C109A-15C 
7C109A-20C 
7C167A-15C 


7C167A-20C 


7C167A-25C 
7C167A-25C 
7C167A-35C 


7C168A-15C 


70168A-20C 
70168A-25C 
70168A-25C 
7C0168A-35C 
70170A-15C 
70170A-20C 
70170A-25C 


5C2561-35 
5C2561-45 
5C2564-15 
5C2564-20 
5C2564-25 
5C 2564-30 
5C2564-35 
5C 2564-45 
5C2565-15 
5C2565-20 
5C2565-25 
5C2565-30 
5C2565-35 
5C 2565-45 
5C2568-15 
5C2568-20 
5C2568-25 
5C 2568-30 
5C2568-35 — 
5C2568-45 
5C2889-20C 
5C2889-25C 
5C6404-15 
5C6404-20 
5C6404-25 
5C6404-30 
5C6404-35 
5C6405-15 
5C6405-20C 
5C6405-25C 
5C6405-30 
5C6405-35C 


7C197-35C 
7C197-45C 
7C194-15 
70194-20 
70194-25C 
70194-25C 
7C0194-35C 
70194-45C 
70195-15 
7C195-20 
70195-25C 
7C195-25C 
70195-35C 
7C0195-45C 
70199-15 
70199-20 
70199-25C 
70199-25C 
7C199-35C 
70199-45C 
7C188-20C 
7C188-25C 
7C0164-15C 
7C164-20C 
7C0164-25C 
7C164-25C 
70164-35C 
7C166-15C 
7C166-20C 
7C166-25C - 


7C0166-25C 


70166-35C 


1-48 


58LC32K32D8L-15 
58LC32K32G1L- 


G-8.5 


58LC32K32G1L- 
G-10 


85C1664-30C 


85C8128-25 
85C8128-35 
85C8128-45C 


MITSUBISHI 


PREFIX: M5L 


PREFIX: M5M 


SUFFIX: AP 
SUFFIX: FP 
SUFFIX: K 
SUFFIX: P 
8S1632Z 
8S1632M 
8S6432Z 
8S6432M 
8$25632Z 
8S25632M 
4$12832Z 
4$12832M 
21C67P-35 
21C67P-45 
21C67P-55 
21C68P-35 
21C68P-45 
21C68P-55 
27C256-85 


701335-66AC 


701337-117AC 


701337-100AC 


1620HD-30C 


M1420PD-25C 


M1420PD-35C 


1423PD-45C . 


CYPRESS 
PREFIX: CY 
PREFIX: CY 
SUFFIX: L 
SUFFIX: F 
SUFFIX: D 
SUFFIX: P 
M1821PZ 
M1821PM 
M1831PZ 
M1831PM 
M1841PZ 
M1841PM 
M1836PZ 
M1836PM 
70167A-35C 
70167A-45C 
70167A-45C 
70168A-35C 
70168A-45C 
70168A-45C 
27C256A-70C 


MITSUBISHI 
27C256-100 
27C256-120 
27C256-150 
27C256-170 
5165L-70 
5165L-100 
5165L-120 
5165P-70 
5165P-100 
5165P-120 
5178P-45 
5178P-55 
5187P-25 
5187P-35 
5187P-45 
5187P-55 
5188P-25 
51008BFP-xxL 
51008BVP-xxL 
51008BRV-xxL 
51008BFP-xxL . 
51008BVP-xxL 
51TO8AFP-xxSL 
51TO8AVP-xxSL 

-51008BFP-xxVL 
51008BVP-xxVL 
51TO8AFP-xxVSL 
51TO8AVP-xxVSL 
5188P-35 
5188P-45 
5188P-55 
5256CVP-xx 
5256CRV-xx 
5256CFP-xx 
5256CFP-xx 
5256CP-xx 
5256CVP-xxL 
5256CRV-xxL 
5256CFP-xxL 
5256CVP-xxLL 
5256CRV-xxLL 


CYPRESS 
27C256A-90C 
27C256A-120C 
27C256A-150C 
27C256A-150C 
70186-55C+ 
70186-55C+ 
70186-55C+ 
70186-55C+ 
70186-55C+ 
70186-55C+ 
70186-45C+ 
70186-55C+ 
70187-25C 
70187-35C 
70187-45C 
70187-45C 
70164-25C 
62128-70SC 
62128-70ZC 
62128-70RZC 
62128L-70SC 
62128L-70ZC 
62128LL-70SC 
62128LL-70ZC 
62128VL-70SC 
62128VL-xxVL 
62128VLL-70SC 
62128VLL-70ZC 
70164-35C 
70164-45C 
70164-45C 
CY62256-70ZC 
CY62256-70RZC 
CY62256-70SC 
CY62256-70SNC 
CY62256-70PC 
CY62256L-70ZC 
CY62256L-70RZC 
CY62256L-70SNC 
CY62256L-70ZC 
CY62256LL-70RC 


MITSUBISHI 
5256CFP-xxLL 


5256CVP-xxVLL 
5256CRV-xxVLL 


5256CFP-xxVLL 
5256CFP-xxVLL 


5256CVP-xxVXL 
5256CRV-xxVXL 
5256CFP-xxVXL 


5257J-35 
5257J-45 
5257P-35 
5257P-45 
5258J-45 
5258P-35 
5258P-45 
52B79P/J 
5V1132FP-6 
5V1132FP-7 
5V1132FP-8 
5V1132FP-10 
5V1132FP-7L 
5V1132FP-8L 
5V1132FP-10L 
5V1132AFP-6 
5V1132AFP-7 
5V1132AFP-8 
5V278 


MMI/AMD 
SUFFIX: 883B 
SUFFIX: F 
SUFFIX: J 
SUFFIX: L 
SUFFIX: N 
SUFFIX: SHRP 
PALC22V10/A 
PAL20R8M 
PAL20R8C 


CYPRESS 


CY62256LL- 
7O0SNC 


CY62256VL-70ZC 


CY62256VL- 
70RZC 


CY62256VL-70SC 


CY62256VL- 
7OSNC 


CY62256VLL- 
70ZC 


CY62256VLL- 
7ORZC 


CY62256VLL- 
7OSNC 


70197-35C 
70197-45C 
70197-35C 
70197-45C 
70194-45C 
70194-35C 
70194-45C 
70188 
701335-100AC 
701335-75AC 
701335-66AC 
701335-60AC 
701335L-75AC 
701335L-66AC 
701335L-60AC 
7C01335-100AC 
701335-75AC 
701335-66AC 
701399 


CYPRESS 
SUFFIX: B 
SUFFIX: F 
SUFFIX: D 
SUFFIX: L 
SUFFIX: P 
SUFFIX: B 
PALC22V10-35C 
PLDC20G10-40M 
PLDC20G10-35C 


MMVAMD 
PAL20R8AM 
PAL20R8AC 
PAL20R8A-2M 
PAL20R8A-2C 
PAL20R6M 
PAL20R6C 
PAL20R6AM 
PAL20R6AC 
PAL20R6A-2M 
PAL20R6A-2C 
PAL20R4M 
PAL20R4C 
PAL20R4AM 
PAL20R4AC 
PAL20R4A-2M 
PAL20R4A-2C 
PAL20L8M 
PAL20L8C 
PAL20L8AM 
PAL20L8AC 
PAL20L8A-2M 
PAL20L8A-2C 
PAL20L2M 
PAL20L2C 
PAL20L10M 
PAL20L10C 
PAL20L10AM 
PAL20L10AC 
PAL18L4M 
PAL18L4C 
PAL16R8M 
PAL16R8D-4C 
PAL16R8C 
PAL16R8BM 
PAL16R8B-4M 
PAL16R8B-4C 
PAL16R8B-2M 
PAL16R8B-2C 
PAL16R8AM 
PAL16R8AC 
PAL16R8A-4M 
PAL16R8A-4C 


CYPRESS 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-30M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-35C 
PALC16R8-40M 
PALC1648L-25C 
PALC16R8-35C 
PALC16R8-20M 
PALC16R8-40M 
PALC16R8L-35C 
PALC16R8-30M 
PALC16R8-25C 
PALC16R8-30M 
PALC16R8-25C 
PALC16R8-40M 
PALC16R8L-35C 


| 


K 


a7 
yA 
[| A 
, 4 
4 


4 


MMI/AMD 
PAL16R8A-2M 
PAL16R8A-2C 
PALIGR6EM 
PAL16R6D-4C 
PAL16R6C 
PALIGR6BM 
PAL16R6B-4M 
PAL16R6B-4C 
PAL16R6B-2M 

PAL16R6B-2C 
PALIGR6AM 

PALI6R6AC 
PALI6R6A-4M 
PAL16R6A-4C_ 
PAL16R6A-2M 
PAL16R6A-2C 
PALIGR4M 
PAL16R4D-4C 
PAL16R4C 
PALI6R4BM 

PAL16R4B-4M 
PAL16R4B-4C 
PAL16R4B-2M 
PAL16R4B-2C 
PALIGR4AM 
PAL16R4AC 
PAL16R4A-4M 
PAL16R4A-4C 

PALIGR4A-2M 
PAL1GR4A-2C 
PAL16L8M 
PAL16L8D-4M 
PAL16L8D-4C 
PAL16L8C 
PAL16L8BM 
PAL16L8B-4M 
PAL16L8B-4C 
PAL16L8B-2M 
PAL16L8B-2C 
PAL16L8AM 
PAL16L8AC 

PAL16L8A-4M 


N 


So 


PRESS 


CYPRESS 
PALC16R8-40M 
PALC16R8-35C 
PALC16R6-40M 
PALC16R6L-25C 
PALC16R6-35C 
PALC16R6-20M 
PALC16R6-40M 
PALC16R6L-35C 
PALC16R6-30M 
PALC16R6-25C 
PALC16R6-30M 
PALC16R6-25C 
PALC16R6-40M 
PALC16R6L-35C 
PALC16R6-40M 
PALC16R6-35C 
PALC16R4-40M 
PALC16R4L-25C 
PALC16R4-35C 
PALC16R4-20M 
PALC16R4-40M 
PALC16R4L-35C 
PALC16R4-30M 
PALC16R4-25C 
PALC16R4-30M 
PALC16R4-25C 
PALC16R4-40M 
PALC16R4L-35C 


PALC16R4-40M . 


PALC16R4-35C 
PALC16L8-40M 
PALC16L8-30M 
PALC16L8L-25C 
PALC16L8-35C 
PALC16L8-20M 
PALC16L8-40M 
PALC16L8L-35C 
PALC16L8-30M 
PALC16L8-35C 
PALC16L8-30M 
PALC16L8-25C 
PALC16L8-40M 


MMUVAMD 
PAL16L8A-4C 
PAL16L8A-2M | 
PAL16L8A-2C 
PAL16L6M 
PAL16L6C 
PAL14L8M 
PAL14L8C 
PAL12L10M 
PAL12110C 


MOSEL 
PREFIX: MS 
6264L-xxFC 
6264L-xxFC 
62256L-70FC 
62256L-70FC 
62256L-70FC 
62256LL-70FC 


MOTOROLA 
PREFIX: MCM 
SUFFIX: BXAJC 
SUFFIX: P 
SUFFIX: S 
SUFFIX: Z 
1423-45 
2016H-45 
2018-35 
2167H-35 
2167H-45 
6164-45 
6168-35 
6205D-20 
6205D-25 
6206D-12 
6206D-15 
6206D-20 
6206D-25 
6206D-35 
6207C-15 
6207C-20 


Product Line Cross Reference 


CYPRESS 
PALC16L8L-35C 
PALC16L8-40M 
PALC16L8-35C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-35C 


CYPRESS 
PREFIX: CY 
6264-70SC 
6264-70SNC 
62256-70SC 
62256-70SNC 
62256L-70SNC 
62256LL-70SNC 


CYPRESS | 
PREFIX: CY 
SUFFIX: MB. 
SUFFIX: P 
SUFFIX: D 
SUFFIX: L 
7C168A-45C+ 
6116A-45C 
7C0128A-35C 
7C167A-35C 
7C167A-45C 
70186-45C 
7C168A-35C+ 
70188-20C 
70188-25C 
70199-12C 
70199-15 
70199-20 
70199-25 
70199-35C 
70197-15 
70197-20 


1-50 


MOTOROLA 


6207C-25 
6207C-35 
6208C-12 
6208C-15 
6208C-20 
6208C-25 
6208C-35 
6209C-12 
6209-15 

6209C-20 
6209C-25 
6226-20 


| 6226-25 


6229B 
6264-15C 
6264-25 
6264-25 
6264-30 
6264-30 
6264-35 
6264-35 
6264-45 
6265C-25 
6268P25 
6268P35 
6268P40 
6268P45 
6269P20 
6269P25 
6269P35 
6270-20 
6270-25 
6270-35 
6287-15 
6287-20 
6287-25 
6287-35 
6288-15 
6288-25 
6288-30 
6288-35 
6290-15 


CYPRESS 
7C197-25 
7C197-35 
7C194-12C 
70194-15C 
7C194-20 
70194-25 
7C194-35 
70195-12C 
7C195-15C 
7C195-20C 
7C195-25C 
7C109-20C 
7C109-25C 
761006 
7C185-15C 
7C185-25C 
7C186-25C 
7C185-25C 
7C186-25C 
7C185-35C 
7C186-35C 
7C186-45C 
7C182-25C 
7C168A-25C 
7C168A-35C 
7C168A-40C 
7C168A-45C 
7C169A-20C 
7C169A-25C 
7C169A-35C 
7C170A-20C 
7C170A-25C 
7C170A-35C 
7C187-15C 
7C187-20C 
7C187-25C 
7C187-35C 
7C164-15C 
7C164-25C 
7C164-25C 
7C164-35C 
7C166-15C 


MOTOROLA 
6290-20 
6290-25 
6290-35 
62V06D-20 
62V06D-25 
6306D 
6726A-12 
6726A-15 
6726A-20 
67H518-9 
67H518-12 
67H518-9 
67H518-12 


NATIONAL 
PREFIX: DM 
PREFIX: GAL 
PREIFX: 
PREFIX: 
PREFIX: 
SUFFIX: 
SUFFIX: 
SUFFIX: 
SUFFIX: 
SUFFIX: 
18L4C 
18L4M 
20L2M 
2147H 
2147H 
2148H 
2148H 
2148H 
27C010-120C 
27C010-150C 
27C010-200C 
27C64-100C 
27C64-120C 
27C64-150C 
27C64-200C 
270128-12C 


CYPRESS 
70166-20C 
70166-25C 
70166-35C 
701399-20C 
701399-25C 
701399 
70109A-12C 
70109A-15C 
70109A-20C 
70178-8.5 
70178-12 
701031-8.5 
701031-12 


CYPRESS 
PREFIX: CY 
PREFIX: None 
PREFIX: 
PREFIX: 
PREFIX: 
SUFFIX: Z 
SUFFIX: D 
SUFFIX: P 
SUFFIX: W 
SUFFIX: J 


PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-40M 


2147-C 
70147-C 
70148-C 
2148-C 
21L48-C 
27C010-120C 
27C010-150C 
27C010-200C 
27C64-90C 
27C64-120C 
27C64-150C 
27C64-200C 
27C128-120C+ 


NATIONAL 
270128-15C 
270 128-20C 
27C256-100 
27C256-120 
27C256-150 
27C256-200 
27C0512-120C 
27C0512-150C 
27C512-200C 
27P010-70C 
27P010-90C 
27P010-100C 
77LS181 
778181 
77S181A 
778281 
778281A 
778401 
77S401A 
778402 
778402A 
77SR181 
77SR476 
77SR476B 
85S07A 
87LS181 
878181 
878281 
87S281A 
87S401 
87S401A 
87S402 
87S402A 
87SR181 
87SR476 
87SR476B 
93L422A 
C27C53-55 
C27C53-70 
DP892CV 
DP8892CN 


GAL22V10-15C 


CYPRESS 
270128-150C+ 
27C128-200C+ 
27C256A-90C 
27C256A-120C 
27C256-150C+ 
27C256-200C+ 
270512-120C 
27C0512-150C 
27C512-200C 
27C010-70C 
27C010-90C 
27C010-90C 
7C282A-45M 
7C282A-45M 
7C282A-45M 
70281A-45M 
70281A-45M 
70401-10M 
70401-10M 
7C402-10M 
7C402-10M 
7C235A-40M 
7C225A-40M- 
7C225A-40M- 
70128-45C+ 
7C282A-45C 
7C282A-45C 
7C0281A-45C 
7C281A-45C 
70401-10C 
70401-15C 
7C0402-10C 
70402-15C 
7C235-40C 
7C225A-40C 
7C225A-30C 
70122-C 
27C0256-55C 
270256-70C 
7B8392-PC 
7B8392-JC 


PALCE22V10-15C 


1-51 


NATIONAL 
GAL22V 10-201 


GAL22V10-20M 
GAL22V10-25C 


GAL22V 10-30 


GAL22V10-30M 


NMF512X9-15 
NMF512X9-25 


NMF2048X9-20 
NMF4096X9A-25 


PAL164A2M 
PAL16L8A2C 
PAL16L8A2M 
PAL16L8AC 
PAL16L8AM 
PAL16L8B2C 
PAL16L8B2M 
PAL16L8B4C 
PAL16L8B4M 
PAL16L8BM 
PAL16L8C 
PAL16L8M 
PAL16R4A2C 
PAL16R4AC 
PAL16R4AM 
PAL16R4B2C 
PAL16R4B2M 
PAL16R4B4C 
PAL16R4B4M 
PAL16R4BM 
PAL16R4C 
PAL16R4M 
PAL16R6A2C 
PAL16R6A2M 
PAL16R6AC 
PAL16R6AM 
PAL16R6B2C 
PAL16R6B2M 
PAL16R6B4C 
PAL16R6B4M 
PAL16R6BM 
PAL16R6C 
PAL16R6M 


Product Line Cross Reference 


CYPRESS 
PALCE22V 10-151: 
PALCE22V10-15M 
PALCE22V10-25C 
PALCE22V 10-251 
PALCE22V10-25M 
70421-15 
70421-25 
70429-20 
70433-25 
PALC16R4-40M 
PALC16L8-35C 
PALC16L8-40M 
PALC16L8-25C 
PALC16L8-30M 
PALC16L8-25C 
PALC16L8-30M 
PALC16L8L-35C 
PALC16L8-40M 
PALC16L8-20M 
PALC16L8-35C 
PALC16L8-40M 
PALC16R4-35C 
PALC16R4-25C 
PALC16R4-30M 
PALC16R4-25C 
PALC16R4-30M 
PALC16R4L-35C 
PALC16R4-40M 
PALC16R4-20M 
PALC16R4-35C 
PALC16R4-40M 
PALC16R6-35C 
PALC16R6-40M 
PALC16R6-25C 
PALC16R6-30M 
PALC16R6-25C 
PALC16R6-30M 
PALC16R6L-35C 
PALC16R6-40M 
PALC16R6-20M 
PALC16R6-35C 
PALC16R6-40M 


NATIONAL 
PAL16R8A2C 
} PALI6R8A2M 
PAL16R8AC 
PAL.16R8AM 
PAL16R8B2C 
PAL16R8B2M 
PAL16R8B4C 
PAL16R8B4M 
PAL16R8BM 
PAL16R8C 
PAL16R8M 
PAL20L2C 
PAL20L8AC 
PAL20L8AM 
PAL20L8BC 
PAL20L8BM 
PAL20L8C 
PAL20L8M 
PAL20L10B2C 
PAL20L10B2M 
PAL20L10C 
PAL20L10M 
PAL20R4AC . 
PAL20R4AM 
PAL20R4BC 
PAL20R4BM 
PAL20R4C 
PAL20R4M 
PAL20R6AC 
PAL2O0R6AM 
PAL20R6BC 
PAL20R6BM 
PAL20R6C 
PAL20R6M 
PAL20R8AC 
PAL2ZOR8AM 
PAL20R8BC 
PAL20R8BM 
PAL20R8C 
PAL20R8M 


CYPRESS 
PALC16R8-35C 
PALC16R8-40M 
PALC16R8-25C 
PALC16R8-30M 
PALC16R8-25C 
PALC16R8-30M 
PALC16R8L-35C 
PALC16R8-40M 

PALC16R8-20M 
PALC16R8-35C 
PALC16R8-40M 
PLDC20G10-35C 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-25C 
PLDC20G10-30M 


PLDC20G10-35C 


PLDC20G10-40M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-35C 
PLDC20G10-40M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-35C 
PLDC20G10-40M 


NEC 

PREFIX: uPD 
SUFFIX: C 
SUFFIX: D 
SUFFIX: K 
SUFFIX: L 
2147A 

2149 

2149 

2167-2 
27HC65-25 
27HC65-35 
27HC65-45 
431000AGW-xxL 
431000GZ-xxL 
431000GZM-xxL 


| 431000GW-xxL 


431000GZ-xxL 
431000AGW-xxLL 
431000GZ-xxLL 
4311-45 

4311-55 

4312-32L 
43254C-35 
43254C-45 
43256BGX-xxL-EJA 
43256BGX-xxL-EKA 
43256BGU-xxL 
43256BGU-xxL 
43256BCZ-xx 
43256BGX-xxL-EJA 
43256BGX-xxL-EKA 


43256BGU-xxL 


43256BGX-xxLL- 
EJA 


43256BGX-xxL-EKA 
43256BGU-xxLL 


43256BGX-Bxx-EJA 
43256BGX-Bxx-EKA 
43256BGU-Bxx 
43256BGU-Bxx 


CYPRESS 
PREFIX: CY 
SUFFIX: P 
SUFFIX: D 
SUFFIX: L 
SUFFIX: F 
70147-C 
2149-C 
70149-C 
70167A-C 
70263/4-25C 
70263/4-35C 
70263/4-45C 
62128-70SC 
62128-70ZC 
62128-70RZC 
62128L-70SC — 
62128L-70ZC 
62128LL-70SC 
62128LL-70ZC 
70167A-45C 
70167A-45C 
70133-5L 
70194-35 
70194-45 
CY62256-70ZC 
CY62256-70RZC 
CY62256-70SC 
CY62256-70SNC 
CY62256-70PC 
CY62256L-70ZC 


CY62256L- 
7ORZC 


CY62256L- 
7OSNC 


CY62256L-70ZC 


CY62256LL-70RC 


CY62256LL- 
7OSNC 


CY62256-70ZC 
CY62256-70RZC 
CY62256V-70SC 


CY62256V- 
7OSNC 


1-52 


NEC 

4361 

4362 

4363 

43259-20 
43259-25 
431001-20 
431001-25 
431004-20 
431004-25 
431008-15 
431008-20 
431008-20 
431232LGF-A8 
431232LGF-A10 


OKI 

PREFIX: MSM 
27128A-12C 
27128A-15C 


| 27128A-20C 


27256-100 
27256-120 
27256-150 
27256-200 
27256H-55 
27256H-70 


PARADIGM 
PREFIX: PDM 
41251L 
41251LB 
41251S 
41251SB 
41252L 


41252LB 
41252S 
41252SB 
41256L 
41256LB 
41256S 

| 41256SB _ 


Product Line Cross Reference 


CYPRESS 
70187-C 
70164-C 
7C166-C 
70188-20 
7C188-25 
7C0107A-20C 
7C107A-25C 
7C106A-20C 
7C106A-25C 
7C109A-15 
7C109A-20 
7C109-20 
7C1335-66AC 
701335-60AC 


CYPRESS 
PREFIX: CY 
270128-120C+ 
270128-150C+ 
270128-200C+ 
27C256A-90C 
27C256A-120C 
27C256A-150C 
27C256A-200C 
27C256A-55C 
27C256A-70C 


CYPRESS 
PREFIX: CY 
70191-C 
70191-MB* 
70191-C 
70191-MB 
70192-C 
70192-MB* 
70192-C 
70192-MB 
70199/8-C* 
70199/8-MB* 
70199/8-C 
70199/8-MB 


PARADIGM 
41258L 
41258LB 


41258S 
41258SB 


PERFORMANCE 
PREFIX: P 
SUFFIX: L 
SUFFIX: S 
41256-35 
41256-45 
4C1256-25 
4C01256-35 
4C01256-45 
4C01257-25 
401257-35 
4C1257-45 
401258-25 
401258-35 
401258-45 
4C150-12C 
4C0150-15C 
4C150-15M 
4C0150-20C 
4C150-20M 
4C150-25C 
4C150-25M 
4C150-35M 
4C164DW-20C 
4C164DW-25C 
4C164DW-25M 
4C164DW-35C 
4C164DW-35M 
4C164DW-55C 
4C164P-20C 
4C164P-25C 
4C164P-25M 
4C164P-35C 
4C164P-35M 
4C164P-45M 
4C1681-25C 


CYPRESS 
70194-C* 
70194-B* 
70194-C 
70194-B 


CYPRESS 
PREFIX: CY 
SUFFIX: L 
SUFFIX: S 
70199-35 
70199-45 
70199-25 
70199-35 
70198-45 
70197-25 
70197-35 
70197-45 
70194-25 
70194-35 
70194-45 
70150-12C 
70150-15C 
70150-15M 
7C0150-15C 
70150-15M 
70150-25C 
70150-25M 
70150-35M 
70186-20C 
70186-25C 
70186A-25M 
70186-35C 
7C186A-35M 
70186-55C 
70185-20C 
70185-25C 
7C185A-25M 
70185-35C 
7C0185A-35M 
7C185A-45M 
70171A-25C 


PERFORMANCE 


4C1681-35C 
4C1681-35M 
4C1681-45C 
4C1681-45M 
4C1682-25C 
4C1682-35C 
4C1682-35M 
401682-45C 
4C1682-45M 
4C169-25C 
4C169-30C 
4C169-35C 
4C169-35M 
4C169-45M 
4C187-20C 
4C187-25C 
4C187-25M 
4C187-35M 
4C188-20C 
4C188-25C 
4C188-25M 
4C188-35C 
4C188-35M 
4C188-45M 
4C198-20C 
4C198-25C 
4C198-25M 
4C198-35C 
4C198-35M 
4C198-45M 
4C1981-20C 
4C1981-25C 
4C1981-25M 
4C1981-35C 
4C1981-35M 
4C1982-20C 
4C1982-25C 
4C1982-25M 
4C1982-35C 
4C1982-35M 
93U422-35C 
93U422-35C 


Product Line Cross Reference 


CYPRESS 
70171A-35C 
70171A-35M 
70171A-45C 
70171A-45M 
70172A-25C 
70172A-35C 
70172A-35M 
70172A-45C 
70172A-45M 
7C169A-25C 
7C169A-25C 
7C169A-35C 
7C169A-35M 
7C169A-45M 
70187-20C 
70187-25C 
70187A-25M 
70187A-35M 
70164-20C 
70164-25C 
70164A-25M 
70164-35C 
7C0164A-35M 
7C164A-45M 
70166-20C 
7C0166-25C 
7C166A-25M 
70166-35C 
7C166A-35M 
7C166A-45M 
70161-20C 
70161-25C 
7C0161A-25M 
70161-35C 
7C161A-35M 
70162-20C 
70162-25C 
70162A-25M 
70162-35C 
70162A-35M 
70122-15C 
70122-25C 


1-53 


PERFORMANCE 


93U422-35C 
93U422-35M 
93U422-35M 


PHILIPS- 
SIGNETICS 


SUFFIX: G 
SUFFIX: N 
SUFFIX: R 
SUFFIX: F 
SUFFIX: A 
27C256-12 
27C256-15 
27C256-17 
27C256-20 
27C256-90 
27HC641-45C 
27HC641-55C 
N74S189 
N82HS321 
N82HS321A 
N82HS321B 
N82HS321C 
N82HS641 
N82HS641A 
N82HS641B 
N82HS641C 
N82LHS191-3 
N82LHS191-6 
N82S181 
N82S181A 
N82S181C 
N82S191-3 
N82S191-6 
N82S191A-3 
N82S191A-6 
N82S191C-3 
N82S191C-6 
NE83Q92A 
NE83Q92N 
S82HS641 
$82LS181 


CYPRESS 

70122-35C 
70122-25M 
70122-35M 


CYPRESS 
SUFFIX: L 
SUFFIX: P 
SUFFIX: F 
SUFFIX: W 
SUFFIX: J 
27C256A-120C 
27C256A-150C 
27C256A-150C 
27C256A-200C 
27C256A-90C 
70263/4-45C 
70263/4-55C 
748189C 
70243/4-45C 
70243/4-35C 
70243/4-30C 
70243/4-25C 
7C263/4-55C 
70263/4-45C 
70263/4-35C 
70263/4-25C 
70291A-35C 
7C292A-35C 
70281/2A-45C 
70281/2A-45C 
70281/2A-30C 
7€291A-50C 
7C292A-50C 
70291A-50C 
7C292A-50C 
70291A-35C 
7C292A-35C 
7B8392-PC 
7B8392-JC 
70263/4-55M 
7C282A-45M 


= a: Product Line Cross Reference 


PHILIPS- 
SIGNETICS 


SAMSUNG 
62256CLG-xx 
62256CLTG-xxL 
62256CLRG-xxL 62256LL-70RC 
62256CLG-xxL 62256LL-70SNC 
62256CLTG-xxLV 62256-70ZC 
62256CLRG-xxLV 62256-70RZC 
62256CLG-xxLV 62256V-70SC 
62256CLG-xxLV 62256V-70SNC 
62256CLTG-xxLV 62256VL-70ZC 
62256CLRG-xxLV 62256VL-70RZC 
62256CLG-xxLV 62256VL-70SC 
62256CLG-xxLV 62256VL-70SNC 
62256CLTG-xxLV 62256VLL-70ZC 
62256CLRG-xxLV 62256VLL-70RZC 
62256CLG-xxLV 62256VLL-70SNC 
6264BLG-xx 6264-70SC 
6264BLG-xx 6264-70SNC 
64257A-25 70194-25C 
64257A-35 70194-35C 


CYPRESS 
62256L-70SNC 
62256L-70ZC 


SAMSUNG CYPRESS 
68512AL 701512 
718B514-8 7C178-8.5 
732V592 701335-L 
75C01A-15 7C421-15 
75C01A-20 7C421-20C 
75C01A-25 7C421-25C 
75C01A-35 7C421-30C 
75C01A-50 7C421-40C 
75C01A-80 7C421-65C 
75CO01AP-20 7C420-20C 
75C01AP-25 7C420-25C 
75C01AP-35 7C420-35C 
75CO1AP-50 7C420-50C 
75C01AP-80 7C420-80C 
75CO2A-15 7C425-15 
75C02A-20 7C425-20C 
75CO2A-25 7C425-25C 
75C02A-35 7C425-30C 
75C02A-50 7C425-40C 


CYPRESS 


$82S181 7C0282A-45M 
$82S181A 
$82S191-3 
$82S191-6 
$82S8191A-3 


7C282A-45M 
70291A-50M 
7C292A-50M 
70291A-50M 
7C292A-50M 
70291A-50M 
7C292A-50M 


$82S8191A-6 
$82$191B-3 
$82$191B-6 


PMC-SIERRA 
PREFIX: PM PREFIX: CY 
PREFIX: NC . SUFFIX: NC 
5346 70955 


CYPRESS 


QUALITY SEMI CYPRESS 
Q7201 70421 
Q7202 70425 
Q7203 70429 


Q7204 
Q72211 
Q72221 
Q72231 
Q72241 
Q72215 
Q72225 
Q7025A 


SAMSUNG 
PREFIX: KM 


18V87-8 
61257A-25 
61257A-35 


70433 
704211 
704221 © 
704251 
704241 
704215 


64257A-45 | 


64258B-15 
64258B-20 
64259B-15 
64259B-20 
641001-20 


704225 
70025 


CYPRESS 
PREFIX: CY 
701031-8.5 
70197-25C 
70197-35C 


681 000BLG-xx 
681000BLT-xx 
681 000BLR-xx 
681 000BLG-xx 
681 O00BLT-ss 
681 000BLG-xxL 
681 000BL6-xxL 
68U1000BLG-xx 


70194-45C © 
70194-15C 
70194-20C 
70196-15C 
70196-20C 
7C106A-20C 
62128-70SC 
62128-70ZC 
62128-70RZC 
62128L-70SC 
62128L-70ZC 
62128LL-70SC 
62128LL-70ZC 
62128VL-70SC 


75C02A-80 
75C02AP-20 
75CO2AP-25 
75CO02AP-35 
75CO2AP-50 
75CO2AP-80 
75C03A-15 


| 75C03A-20 


75C03A-25 
75C03A-35 
75C03A-50 
75C03A-80 


75CO3AP-20 
75CO3AP-25 


7C0425-65C 
70424-20C 
70424-25C 
70424-30C 
70424-40C 
70424-65C 
70429-15C 
70429-20C 
70429-25C 
70429-30C 
70429-40C 
70429-65C 
70428-20C 
70428-25C 


681 U000BLT-ss 62128VL-70ZC 
681U000BLG-xxL 62128VLL-70SC 
681 U000BL6-xxL 62128VLL-70ZC 
681001-20 7C0109A-20C 
681002-15 701009-15C 
68 1002-20 701009-20C 
68257-12 70199-12C 
68257-15 70199-15C 
68257C 701399 


75CO3AP-35 
75CO3AP-50 
75CO3AP-80 
75C102A-20 
75C102A-25 
75C102A-35 
75C102A-80 


70428-30C 
70428-40C 
70428-65C 
70425-20C 
70425-25C 
70425-25C 
70425-65C 


61257A-45 
62256CLTG-xxL 
62256CLRG-xxL 
62256CLG-xxL 
62256CLG-xxL 
62256CLP-xxL 
62256CLTG-xx 
62256CLRG-xx — 


70197-45C 
62256-70ZC 
62256-70RZC 
62256-70SC 
62256-70SNC 
62256-70PC 
62256L-70ZC 
62256L-70RZC 


1-54 


il 
ns 
C) 


SGS-THOMSON 
PREFIX: M 
SUFFIX: F1 
SUFFIX: B1 
SUFFIX: C1 
SUFFIX: N1 
27256-150 
27256-170 
27256-200 
27C64A-12 
27C64A-15 
27C64A-20 
27C64A-25 
27C64A-30 

| 27C128A-12 

27C128A-15 

270128A-20 
27C256B-80 
27C256B-90 
27C256B-100 
27C256B-120 
27C512-10 

270512-12 

27C512-15 

27C512-20 

270512-25 

27C512-80 

27C512-90 
27C1001-60X 
27C1001-70 
27C1001-90 

2701001-120 

270 1001-150 

27C1001-200 

629032-E1 


SHARP 
PREFIX: LH 
5168N-xx 
5168N-xx 
52251-35 
52251-45 


CYPRESS 
PREFIX: CY 
SUFFIX: W 
SUFFIX: P 
SUFFIX: J 
SUFFIX: Z 
27C256A-150C 
27C256A-150C 
27C256A-200C 
27C64-120C 
27C64-150C 
27C64-200C 
27C64-200C 
27C64-200C 
270128-120C+ 
270128-150C+ 
270128-200C+ 
27C256A-70C 
27C256A-90C 
27C256A-90C 
27C256A-120C 
270512-90C 
27C512-120C 
27C512-150C 
27C512-200C 
270512-200C 
27C512-70C 
27C512-90C 
27H010-55C 
27C010-70C 
27C010-90C 
27C010-120C 
27C010-150C 
27C010-200C 
70188 


CYPRESS 
PREFIX: CY 
6264-70SC 
6264-70SNC 
70197-35C 
70197-45C 


SHARP 
52252-35 
52252-45 
52254D-25 
52259 
52B256T-xx 
52B256TR-xx 
52B256N-xx 
52B256N-xx 
52B256T-xxL 
52B256TR-xxL 
52B256N-xxLL 
52B256T-xxLL 
52B256TR-xxLL 
52B256N-xxLL 


5481-15 
5481-25 
5481-35 
5491-15 
5491-25 
5491-35 
5496-20 
5496-35 
5496-50 
5496D-15 
5496D-20 
5496D-35 
5496D-50 
5497-20 
5497-35 
5497-50 
5497D-15 
5497D-20 
5497D-35 » 
5497D-50 


SMOS 
PREFIX: SRM 
20100SLMxx 
20100SLTMxx 
20256LTMxx 
20256LRMxx 


CYPRESS 
7C0194-35C 
7C194-45C 
70199-25C 
70188 
CY62256-70ZC 
CY62256-70RZC 
CY62256-70SC 
CY62256-70SNC 
CY62256L-70ZC 
CY62256L-70RZC 
CY62256L-70SNC 
CY62256L-70ZC 
CY62256LL-70RC 


CY62256LL- 
7O0SNC 


7C408A-15C 
7C408A-25C 
7C408A-35C 
7C409A-15C 
7C409A-25C 
7C409A-35C 
70420-20C 
70420-30C 
70420-40C 
70421-15 
70421-20C 
70421-30C 
70421-40C 
70424-20C 
70424-30C 
70424-40C 
70425-15 
70425-20C 
70425-30C 
70425-40C 


CYPRESS 
PREFIX: CY 
62128-70SC 
62128-70ZC 
62256-70ZC 
62256-70RZC 


1-55 


SMOS 
20256LMxx 
20256LMxx 
20256LTMxx 
20256LRMxx 
20256LMxx 


SONY 
PREFIX: CXK 
51256P-35 
51256P-45 
55464-20 
55464-25 
581001M-xxL 
581 100TM-xxL 
581100YM-xxL 
581001M-xxL 
581100TM-xxL 
581001M-xxLL 
581100TM-xxLL 
581100TM-xxLL 
581100TM-xxL 
581000M-xxLB 
581 100TM-xxL 
581000M-xxLB 
5811005M-xxLL 
58257ATM-xxL 
58257AYM-xxL 
58257AM-xxL 
58257AM-xxL 
58257AP-xxL 
58257ATM-xxL 
58257AYM-xxL | 
58257AM-xxLL 
58257AYM-xxLL 
58257AM-xxLL 


58258A-15 
58258A-20 
58258A-25 
5864BM-xxL 
5864BM-xxL 
59288-20C 


Product Line Cross Reference 


CYPRESS 
62256-70SC 
62256-70SNC 
62256L-70ZC 
62256L-70RZC 
62256L-70SNC 


CYPRESS 
PREFIX: CY 
70197-35 
70197-45 
70194-20C 
70194-25C 
62128-70SC 
62128-70ZC 
62128-70RZC 
62128L-70SC 
62128L-70ZC 
62128LL-70SC 
62128LL-70ZC 


-62128LL-70SC 


62128V-70ZC 
62128VL-70SC 
62128VL-70ZC 
62128VLL-70SC 
62128VLL-70ZC 
CY62256-70ZC 
CY62256-70RZC 
CY62256-70SC 
CY62256-70SNC 
CY62256L-70ZC 
CY62256L-70RZC 
CY62256L-70SNC 
CY62256L-70ZC 
CY62256LL-70RC 


CY62256LL- 
7OSNC 


70199-15C 
70199-20C 
70199-25C 
6264-70SC 
6264-70SNC 
70188-20C 


— 


‘ fama... a 
Lee 


SONY 
59288-25C 


TDK/SSI 
SSI78Q8392-CP 


SSI78Q8392- 
28CH 


TI 
PREFIX: 
PREFIX: 
PREFIX: 
PREFIX: 
PREFIX: 
PREFIX: 
PREFIX: 
PREFIX: 
SUFFIX: 
SUFFIX: 
SUFFIX: 
SUFFIX: 
SUFFIX: 
22V/10AC 
22V10AM 
270010-120 
270010-150 
270010-200 
270128-12 
27C512-100 
27C512-120 
27C512-150 
270512-200 
27C/PC128-15 
27C/PC128-20 
27C256-10 
27C256-12 
27C256-15 
27C256-17 
270256-20 
27PC010-120 
27PC010-150 
27PC010-200 
27PC256-10 


= 7 CYPRESS 


CYPRESS 
70188-25C 


CYPRESS 
CY7B8392-PC 
CY7B8392-JC 


CYPRESS 
PREFIX: 
SUFFIX: 
PREFIX: 
PREFIX: 
PREFIX: 
PREFIX: 
PREFIX: 
PREFIX: 
SUFFIX: 
SUFFIX: 
SUFFIX: 
SUFFIX: 
SUFFIX: 
PALC22V10-25C 
PALC22V10-30M 
27C010-120C 
27C010-150C 
27C010-200C 
270128-120 
27C0512-90C 
27C512-120C 
27C512-150C 
27C512-200C 
27C 128-150 
27C128-200 
27C256A-90C 
27C256A-120C 
27C256A-150C 


27C256A-150C 


27C256A-200C 
27C010-120C 
27C010-150C 
27C010-200C 
27C256A-90C 


cc 


TI 
27PC256-12 
27PC256-15 
27PC256-17 
27PC256-20 
27PC512-100 
27PC512-120 
27PC512-150 
27PC512-200 
22V/10AC 
22V10AM 
PAL16R4-25C 
PAL16R4-30M 
PAL16R4A-2C 
PAL16R4A-2M 
PAL16R4AC 
PAL16R4AM 
PAL16R6-20M 
PAL16R6-25C 
PAL16R6-30M 
PAL16R6A-2C 


PAL16R6A-2M 


PAL16R6AC 
PAL16R6AM 
PAL16R8-25C 
PAL16R8-30M 
PAL16R8A-2C 
PAL16R8A-2M 
PAL16R8AC 
PAL16R8AM 
PAL20L8A-2C 
PAL20L8A-2M 
PAL20L8AC 
PAL20L8AM 
PAL20L10A-2C 
PAL20L10A-2M 
PAL20L10AC 
PAL20L10AM 
PAL20R4A-2C 
PAL20R4A-2M 
PAL20R4AC 
PAL20R4AM 
PAL20R6A-2C 


CYPRESS 
27C256A-120C 
27C256A-150C 
27C256A-150C 
27C256A-200C 
27C512-90C 
270512-120C 
27C512-150C 
27C512-200C 
PALC22V10-25C 
PALC22V10-30M 
PALC16R4-25C 
PALC16R4-30M 
PALC16R4-25C 
PALC16R4-40M 
PALC16R4-25C 
PALC16R4-30M 
PALC16R6-20M 
PALC16R6-25C 
PALC16R6-30M 
PALC16R6-25C 
PALC16R6-40M 
PALC16R6-25C 
PALC16R6-30M 
PALC16R8-25C 
PALC16R8-30M 
PALC16R8-25C 
PALC16R8-40M 
PALC16R8-25C 
PALC16R8-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-35C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 


1-56 
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PAL20R6A-2M 
PAL20R6AC 
PAL20R6AM 
PAL20R8A-2C 
PAL20R8A-2M 
PAL20R8AC 
PAL20R8AM - 
PAL22V10-7C 
PAL22V10-15C 


PAL22V10-20M 


PAL22V10AC 
PAL22V10AC 


PAL22V10AM 
PAL22V10AM 


PAL22V10C 
PAL22V10C 


PAL20R6AM 


PAL20R8A-2C 


PAL20R8A-2M 
PAL20R8AC 
PAL20R8AM..-- 
PAL22V10-7C 
PAL22V10-15C 


PAL22V10-20M 


PAL22V10AC 
PAL22V10AC 


PAL22V10AM 


PAL22V10AM 


PAL22V10C 
PAL22V10C 


SN74ACT7201LA15 
SN74ACT7201LA25 
SN74ACT7202LA15 
'SN74ACT7202LA25 


SN74ACT7203L15 


Product Line Cross Reference 
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PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PALCE22V10-7C 


PALC22V 10B- 
15C 


PALC22V 10B- 
20M 


PALC22V 10-25C 


PALC22V10L- 
25C 


PALC22V 10- 
25MB 


PALC22V 10- 
30MB 


PALC22V 10-35C 


PALC22V 10L- 
35C 


PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PLDC20G10-25C 
PLDC20G10-30M 
PALCE22V10-7C 


PALC22V 10B- 
15C 


PALC22V 10B- 
20M 


PALC22V 10-25C 


PALC22V 10L- 
25C 


PALC22V 10- 
25MB 


PALC22V 10- 
30MB 


PALC22V 10-35C 


PALC22V 10L- 
35C 


70421-15 
70421-25 
70425-15 
70425-25 
70429-15 © 


SN74ACT7203L25 
SN74ACT7204L15 
SN74ACT7204L25 
SN74ACT72211L- 
RJ 


SN74ACT72221L- 
RJ 
SN74ACT72231L- 
RJ 
SN74ACT72241L- 
RJ 


SN74ACT7884-FN 
SN74ACT7882-FN 
SN74ACT7881-FN 
SN74ACT7811-FN 


TOSHIBA 
PREFIX: P 
PREFIX: TC 
PREFIX: TMM 
SUFFIX: D 
2015A 
2018-25 
2018-35 
2018-45 
2018-55 
2018AP-35 
2018AP-45 
2068-25 
2068-35 
2068-45 
2068-55 
2069-35 
2078-35 
2078-45 
2078-55 
2088-35 
315 
55257-10 
55101 BFL-xx 
551001BFTL-xx 
55101BTRL-xs 
551001BFL-xx 


CYPRESS 
70429-25 
70433-15 
70433-25 
704211-JC 


704221-JC 
704231-JC 
704241-JC 


7C4245-JC 
704235-JC 
7C4225-JC 
704225-JC 


CYPRESS 
SUFFIX: P 
PREFIX: CY 
PREFIX: CY 
SUFFIX: D 
70128A-55C+ 
70128A-25C 
70128A-35C 
70128A-45C 
70128A-55C+ 
70128A-35C 
70128A-45C 
7C0168A-25C 
70168A-35C 
7C168A-45C 
70168A-45C 
7C0169A-35C 
70170A-35C 
7C0170A-45C 
70170A-45C 
70186-35C 
2147-55C 
70199-55C 
62128-70SC 
62128-70ZC 
62128-70RZC 
62128L-70SC 


TOSHIBA 
551001BFTL-xx 
551001BFL-xxL 
551001 BFTL-xxL 
551001BFL-xxV 
551001BFTL-xxV 
551001 BLF-xxV 
551001BFTL-xxV 
55257-70 
55257-85 
55257CFTL-xx 
55257CTRL-xx 
55257CFL-xx 
55257CFL-xx 
55257CPL-xx 
55257CFTL-xxL 
55257CTRL-xxL 
55257CFL-xxL 
55257CFTL-xxL 
55257CTRL-xxL 
55257CFL-xxL 
55257BFTL-xxLV 
55257BTRL-xxLV 
55257BFL-xxLV 
55257BFL-xxLV 
55257BFTL-xxLV 
55257BTRL-xxLV 
55257BFL-xxLV 
55257BFL-xxLV 
55257BFTL-xxLV 
55257BTRL-xxLV 
55257BFL-xxLV 
55328-15 
55328-20 
55328-25 
55328-35 
55328-25 
55328-35 
55329P/J 
55399-20 
55399-25 
55416-35 
55417-25 


Product Line Cross Reference 


CYPRESS 
62128L-70ZC 
62128LL-70SC 
62128LL-70ZC 
62128VL-70SC 
62128VL70ZC 
62128VLL-70SC 
62128VLL-70ZC 
70199-55C 
70199-55C 
62256-70ZC 
62256-70RZC 
62256-70SC 
62256-70SNC 
62256-70PC 
62256L-70ZC 
62256L-70RZC 
62256L-70SNC 
62256L-70ZC 
62256LL-70RC 
62256LL-70SNC 
62256-70ZC 
62256-70RZC 
62256V-70SC 
62256V-70SNC 
62256VL-70ZC 
62256VL-70RZC 
62256VL-70SC 
62256VL-70SNC 
62256VLL-70ZC 
62256VLL-70RZC 
62256VLL-70SNC 
70199-15C 
70199-20C 
70199-25C 
70199-35C 
70199-25C 
70199-35C 
70188 
70188-20C 
70188-25C 
70164-35C 
70166-25C 
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55417-35 
55417P/J-15 
55417P/J-20 
55417P/J-25 
55417P/J-35 
55464-12 
55464-15 
5561P/J 
5562 

55V63 
55464-20 
5588P/J 
5589P/J-25 
55B328-12 
55B328-15 
55B464-12 
55B465-12 


57C256A-120 
57C256A-150 


55464-25 
55464-35 
55464-25 
55464-35 
55465-12 
55465-15 
55465-20 
55465-25 


57C256A-200 


55465-25 
55465-35 
55465-35 


WSI 

PREFIX: W 
PREFIX: WS 
SUFFIX: C 
SUFFIX: D/T 


SUFFIX: P/S 
57C43C-55C 
57043C-45C 
57C43C-35C 


CYPRESS 
7C0166-35C 
7C0166-15C 
70166-20C 
70166-25C 
7C166-35C 
70194-12C 
70194-15C 
70187-C 

70187-C 

70185-C 

70194-20C 
70185-C 

70182-25C 
70199-12C 
70199-15C 
70194-12C 
70196-12C 


27C256A-120C 
27C256A-150C 


70194-25C 
70194-35C 
70194-25C 
70194-35C 
70196-12C 
7C0196-15C 
70196-20C 
70196-25C 


27C256A-200C 


70195-25C 
70196-35C 
70195-35C 


CYPRESS 
PREFIX: CY 
PREFIX: CY 
SUFFIX: Q 
SUFFIX: W 
SUFFIX: P 
70243/4-55C 
70243/4-45C 
70243/4-35C 


57C43C-25C 
57C45-25 
57C45-25M 
57C45-35 
57C45-35M 
57C45-45 
57C45-45M 
57C49B-35 
57C49B-45 
57C49B-45M 
57C49B-55 
57C49B-55M 
57C49B-70 
57C49B-70M 
57C49C-25 
57C49C-35 
57C49C-45 
57C49C-45M 
57C49C-55 | 
57C49C-55M 
57C49C-70 
57C49C-70M 
57C64F-55 
57C51C-45 
57C51C-45M 
57C51C-55 
57C51C-55M 
57C51C-70 © 
57C51C-70M 
57C71C-35 
57C71C-45 
57C71C-55 
57C71C-55M 
57C71C-70 
57C71C-70M 
57C128F-55C 
57C128F-70C 
57C128FB-45 
57C128FB-55 
-57C128FB-70 
57C191B-35 
57C191B-35M 


CYPRESS 
7C0243/4-25C 
7C245A-25C 
7C245A-25M 
7C245A-35C 
7C245A-35M 
7C245A-45C 
7C245A-45M 
7C263/4-35C 
7C0263/4-45C 
7C0263/4-45C 
70263/4-55C 
7C263/4-55C 
7C263/4-55C 
7C263/4-55C 
7C263/4-25C 
7C263/4-35C 
7C263/4-45C 
7C263/4-45C 
7C263/4-55C 
7C263/4-55C 
7C263/4-55C 
7C0263/4-55C 
7C266-55C 
70251/4-45C 
70251/4-45M 
70251/4-55C 
70251/4-55M 
7C0251/4-55M 
7C0251/4-55M 
7C271A-35C 
7C271A-45C 
7C271A-55C 
7C271A-55M 
7C271A-55M 
7C271A-55M 
27C128-55C+ 
27C128-70C+ 
27C128-45C 
27C128-55C 
27C128-70C 
7C292A-35C 
7C292A-35M 


Wwsl 
57C191B-45 
57C0191B-45M 
57C191B-50M 
57C191B-55 
57C191B-55M 
57C191C-25 
57C191C-35, 
57C191C-45 
57C191C-45M 
57C191C-55 
57C191C-55M 
57C256F-35 
57C256F-45 
57C256F-55 
57C256F-55M 
57C256F-70 
57C256F-70M 
57C256F-90 
57C291B-35 
57C291B-35M 
57C291B-45 
57C291B-45M 
57C291B-50M 
57C291B-55 
57C291B-55M 
57C291C-25 
57C291C-35 
57C291C-45 
57C291C-45M 
57C291C-55 
57C291C-55M 


Product Line Cross Reference 


CYPRESS 
7C292A-35C 
7C292A-35M 
7C292A-50M 
7C292A-50C 
7C292A-50M 
70292A-25C 
7C292A-35C 
70292A-35C 
7C0292A-35M 
7C292A-50C 
7C292A-50M 
27H256-35C 
27C256A-45C 
27C256A-55C 
27C256-55M 
27C256A-70C 
27C256A-70M 
27C256A-90C 
70291A-35C 
70291A-35M 
7€6291A-35C 
70291A-35M 
70291A-50M 
70291A-50C 
70291A-50M 
70291A-25C 
70291A-35C 
70291A-35C 
70291A-35M 
70291A-50C 
70291A-50M 
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Cypress Military Products 


For a complete listing of all Cypress Military products, please refer to the Military Product Selector Guide 
(published twice yearly). This information is also available on the Cypress CD-ROM (published quarterly) 


and on our website at http://www.cypress.com. 
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Cypress PLD Family Features 


Cypress Semiconductors PLD family offers the user a wide 
range of programmable logic solutions that incorporate lead- 
ing-edge circuit design techniques as well as diverse process 
technology capabilities. This allows Cypress PLD users to se- 
lect PLDs that best suit the needs of their particular high-per- 
formance system, regardless of whether speed, power con- 
sumption, density, or device flexibility are the critical 
requirements imposed by the system. 


Cypress offers enhanced-performance industry-standard 20- 
and 24-pin device architectures as well as proprietary 28-pin 
application-tailored architectures. The range of technologies 
offered includes leading-edge 0.65-micron CMOS EPROM for 
high speed, low power, and high density, 0.65-micron FLASH 
technology for high speed, low power and electrical alterability. 


The reprogrammable memory cells used by Cypress serve the 
same purpose as the fuse used in most bipolar PLD devices. 
Before programming, the AND gates or product terms are con- 
nected via the reprogrammable memory cell to both the true 
and complement inputs. When the reprogrammable memory 
cell is programmed, the inputs from a gate or product term are 
_ disconnected. Programming alters the transistor threshold of 
each cell so that no conduction can occur, which is equivalent 
to disconnecting the input from the gate or product term. This 
is similar to “blowing” the fuses of BiCMOS or bipolar fusible 
devices, which disconnects the input.gate from the product 
term. Selective programming of each of these reprogramma- 
ble memory cells enables the specific logic function to be im- 
plemented by the user. 


The programmability of Cypress’s PLDs allows the users to 
customize every device in a number of ways to implement their 
unique logic requirements. Using PLDs in place of SSI or MSI 
components results in more effective utilization of board 
space, reduced cost and increased reliability. The flexibility af- 
forded by these PLDs allows the designer to quickly and effec- 
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Introduction to Cypress PLDs 


tively implement a number of logic functions ranging from ran- 
dom logic gate replacement to complex combinatorial logic 
functions. 


The PLD family implements the familiar “sum of products” logic 
by using a programmable AND array whose output terms feed 
a fixed OR array. The sum of these can be expressed ina 
Boolean transfer function and is limited only by the number of 
product terms available in the AND-OR array. A variety of dif- 
ferent sizes and architectures are available. This allows for 
more efficient logic optimization by matching input, output, and 
product terms to the desired application. 


PLD Notation 


To reduce confusion and to have an orderly way of represent- 
ing the complex logic networks, logic diagrams are provided 
for the various part types. In order to be useful, Cypress logic 
diagrams employ a common logic convention that is easy to 
use. Figure 1 shows the adopted convention. In part (a), an “x” 
represents an unprogrammed EPROM cell or intact fuse link 
that is used to perform the logical AND operation upon the 
input terms. The convention adopted does not imply that the 
input terms are connected on the common line that is indicat- 
ed. A further extension of this convention is shown in part (b), 
which shows the implementation of a simple transfer function. 
The normal logic representation of the transfer function logic 
convention is shown in part (c). | 


PLD Circuit Configurations 


Cypress PLDs have several different output configurations that 
cover a wide spectrum of applications. The available output 
configurations offer the user the benefits of both lower pack- 
age counts and reduced costs when used. This approach al- 
lows designers to select PLDs that best fit their applications. 
An example of some of the configurations that are available 
are listed below. 


ly lo+l 4 lo 
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Figure 1. Logic Diagram Conventions 
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Figure 3. nodeirs oupue with Feedback 


Programmable I/O 


Figure 2 illustrates the programmable I/O offered in the Cy- 
press PLD family that allows product terms to directly control 
the outputs of the device. One product term is used to directly 
control the three-state output buffer, which then gates the sum- 
mation of the remaining terms to the output pin. The output of 
this summation can be fed back into the PLD as an input to the 
array. This programmable I/O feature allows the PLD to drive 
the output pin when the three-state output is enabled or, when 
the three-state output is disabled, the I/O pin can be used as 
an input to the array. 


Registered Outputs with Feedback 


Figure 3 illustrates the registered outputs offered on a number 
of the Cypress PLDs which allow any of these circuits to func- 
tion as a state sequencer. The summation of the product terms 
is stored in the D-type output flip-flop on the rising edge of the 
system clock. The Q output of the flip-flop can then be gated 
to the output pin by enabling the three-state output buffer. The 
output of the flip-flop can also be fed back into the array as an 
input term. The output feedback feature allows the PLD to re- 
member and then alter its function based upon that state. This 
circuit can be used to execute such functions as counting, skip, 
shift, and branch. 


Programmable Macrocell 


The programmable macrocell, illustrated in Figure 4, provides 
the capability of defining the architecture of each output indi- 
vidually. Each of the potential outputs may be specified to be 
“registered” or “combinatorial.” Polarity of each output may 
also be individually selected allowing complete flexibility of 
output configuration. Further configurability is provided 
through “array” configurable “output enable” for each potential 
output. This feature allows the outputs to be reconfigured as 
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inputs on an individual basis or alternately used as a bidirec- 
tional I/O controlled by the programmable array (see Figure 5). 


Buried Register Feedback 


The CY7C331 and CY7C335 PLDs provide registers that may 
be “buried” or “hidden” by electing feedback of the register 
output. These buried registers, which are useful in state ma- 
chines, may be implemented without sacrificing the use of the 
associated device pin as an input. In previous PLDs, when the 
feedback path was activated, the input pin-path to the logic 
array was blocked. The proprietary CY7C335 reprogrammable 
synchronous state machine macrocell illustrates the shared 
input multiplexer, which provides an alternative input path for 
the I/O pin associated with a buried macrocell register (Figure 
6). Each pair of macrocells shares an input multiplexer, and as 
long as alternate macrocells are buried, up to six of the twelve 
output registers can be buried without the loss of any 1/O pins 
as inputs. The CY7C335 also contains four dedicated hidden 
macrocells with no external output that are used as additional 
state registers for creating high-performance state machines 
(Figure 7). 


Asynchronous Register Control 


Cypress also offers PLDs that may be used in asynchronous 
systems in which register clock, set, and reset are controlled 
by the outputs of the product term array. The clock signal is 
created by the processing of external inputs and/or internal 
feedback by the logic of the product term array, which is then 
routed to the register clock. The register set and reset are sim- 
ilarly controlled by product term outputs and can be triggered 
at any time independent of the register clock in response to 
external and/or feedback inputs processed by the logic array. 
The proprietary CY7C331 Asynchronous Registered PLD, for 
which the I/O macrocell is illustrated in Figure 8, is an example 
of such a device. The register clock, set, and reset functions 
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of the CY7C331 are all controlled by product terms and are 
dependent only on input signal timing and combinatorial delay 
through the device logic array to enable their respective func- 
tions. 


Input Register Cell 


Other Cypress PLDs provide input register cells to capture 
short duration inputs that would not otherwise be present at 
the inputs long enough to allow the device to respond. The 
proprietary CY7C335 Reprogrammable Synchronous State 
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Machine provides these input register cells (Figure 9). The 
clock for the input register may be provided from one of two 
external clock input pins selectable by a configuration bit, C4, 
dedicated for this purpose for each input register. This choice 
of input register clock allows signals to be captured and pro- 
cessed from two independent system sources, each controlled 
by its own independent clock. These input register cells are 
provided within I/O macrocells, as well as for dedicated input 
pins. 


Document #: 38-00165-B 


CLOCK AR 


SP INTRO-6 


Figure 4. Programmable Macrocell 
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Figure 5. CY7C335 I/O Macrocell 
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Figure 6. CY7C335 I/O Macrocell Pair Shared Input MUX 


SET PRODUCT TERM 


RESET PRODUCT TERM 


Figure 7. CY7C335 Hidden Macrocell 
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Figure 8. CY7C331 Registered Asynchronous Macrocell 
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Figure 9. CY7C335 Input Macrocell 


This is an abbreviated datasheet. Contact fax id: 6004 


a Cypress representative for complete 
specifications. For new designs, please 
refer to the PALCE16V8. 


Features 


a 
¢ CMOS EPROM technology for reprogrammability 
¢ High performance at quarter power 
—tpp = 25 ns 
—ts = 20 ns 
—tco = 15 ns 
—lec = 45 mA 
High performance at military temperature 
—tpp = 20 ns 
—ts = 20ns 
—tco = 15 ns 
—lec = 70 mA 
Commercial and military temperature range 
High reliability 
— Proven EPROM technology 


—>1500V input protection from electrostatic dis- 
charge 


— 100% AC and DC tested 

— 10% power supply tolerances 

— High noise immunity 

— Security feature prevents pattern duplication 


Logic Symbols and DIP and SOJ Pinouts 


PAL is a registered trademark of Advanced Micro Devices. 


Reprogrammable CMOS 
PAL@C 16L8, 16R8, 16R6, 16R4 


— 100% programming and functional testing 
Functional Description 


Cypress PALC20 Series devices are high- speed electrically 
programmable and UV- erasable logic devices produced in a 
proprietary N-well CMOS EPROM process. These devices uti- 
lize a sum-of-products (AND-OR) structure providing users 
with the ability to program custom logic functions serving 
unique requirements. 


PALs are offered in 20-pin plastic and ceramic DIP, plastic 
SOJ, and ceramic LCC packages. The ceramic package can 
be equipped with an erasure window; when exposed to UV 
light, the PAL is erased and can then be reprogrammed. 


Before programming, AND gates or product terms are con- 
nected via EPROM cells to both true and complement inputs. 
Programming an EPROM cell disconnects an input term from 
a product term. Selective programming of these cells allows a 
specific logic function to be implemented in a PALC device. 
PALC devices are supplied in four functional configurations 
designated 16R8, 16R6, 16R4, and 16L8. These 8 devices 
have potentially 16 inputs and 8 outputs configurable by the 
user. Output configurations of 8 registers, 8 combinatorial, 6 
registers and 2 combinatorial as well as 4 registers and 4 com- 
binatorial are provided by the 4 functional variations of the 
product family. 
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PALCE16V8 


Flash Erasable, 


Reprogrammable CMOS PAL® Device 


¢« QSOP packaging available 


Features 


Active pull-up on data input pins 

Low power version (16V8L) 

—55 mA max. commercial (10, 15, 25 ns) 

—65 mA max. industrial (10, 15, 25 ns) 

—65 mA military (15 and 25 ns) 

Standard version has low power 

—90 mA max. commercial (10, 15, 25 ns) 

—115 mA max. commercial (7 ns) 

— 130 mA max. military/industrial (10, 15, 25 ns) 


CMOS Flash technology for electrical erasability and 
reprogrammability 


PCI compliant 
User-programmable macrocell 
— Output polarity control 


— Individually selectable for registered or combinato- 
rial operation 


Up to 16 input terms and 8 outputs 


Logic Block negiam (PDIPICDIP) 


A 


—7.5 ns com’ version 
5 ns tco 
5 ns ts 
7.5 NS tpp 
125-MHz state machine 


—10 ns military/industrial versions 
7 ns tco 
10 nsts 
10 ns tpp 
62-MHz state machine 
High reliability 
— Proven Flash technology 
— 100% programming and functional testing 


Functional Description 


The Cypress PALCE16V8 is a CMOS Flash Electrical Eras- 
able second-generation programmable array logic device. Itis 
implemented with the familiar sum-of-product (AND-OR) logic 
structure and the programmable macrocell. 
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Pin Configuration 


DIP/QSOP 
Top View 


Selection Guide 


PALCE16V8 


PLCC/LCC 


Generic Part Number | Com’I/Ind | Mil | Com’I/Ind 


PALCE16V8-5 


PALCE16V8-10 


PALCE16V8-15 


Com’I/Ind 


Shaded area contains preliminary information. 


Functional Description (continued) 


The PALCE16V8 is executed in a 20-pin 300-mil molded DIP, 
a 300-mil cerdip, a 20-lead square ceramic leadless chip car- 
rier, a20-lead square plastic leaded chip carrier and a 20-lead, 
quarter-size outline. The device provides up to 16 inputs and 
8 outputs. The PALCE16V8 can be electrically erased and 
reprogrammed. The programmable macrocell enabies the de- 
vice to function as a superset to the familiar 20-pin PLDs such 
as 16L8, 16R8, 16R6, and 16R4. 


The PALCE16V8 features 8 product terms per output and 32 
input terms into the AND array. The first product term in a 
macrocell can be used either as an internal output enable con- 
trol or as a data product term. 


There are a total of 18 architecture bits in the PALCE16V8 
macrocell; two are global bits that apply to all macrocells and 
16-that apply locally, two bits per macrocell. The architecture 
bits determine whether the macrocell functions as a register 
or combinatorial with inverting or noninverting output. The out- 
put enable control can come from an external pin or internally 
from a product term. The output can also be permanently 
enabled, functioning as a dedicated output or permanently dis- 
abled, functioning as a dedicated input. Feedback paths are 
selectable from either the input/output pin associated with the 
macrocell, the input/output pin associated with an adjacent 
pin, or from the macrocell register itself. 


Power-Up Reset 


All registers in the PALCE16V8 power-up to a logic LOW for 
predictable system initialization. For each register, the asso- 
ciated output pin will be HIGH due to active-LOW outputs. 


Electronic Signature 


An electronic signature word is provided in the PALCE16V8 
that consists of 64 bits of programmable memory that can con- 
tain user-defined data. 


Security Bit 

A security bit is provided that defeats the readback of the in- 
ternal programmed pattern when the bit is programmed. 
Low Power 


The Cypress PALCE16V8 provides low-power operation 
through the use of CMOS technology, and increased testability 
with Flash reprogrammability. : 


Product Term Disable 


Product Term Disable (PTD) fuses are included for each prod- 
uct term. The PTD fuses allow each product term to be indi- 
vidually disabled. 
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Configuration Table 


Cell Configuration Devices Emulated 
Registered Output Registered Med PALs 


To 
Adjacent 
Macrocell 


eS I/O, 
From 
Adjacent 
_ CG, for pin 13 to 18 CLO, Pin 
CGo for pin 12 and 19 . 
16V8~4 
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Maximum Ratings Output Current into Outputs (LOW)... cesses eeeeees 24 mA 
(Above which the useful life may be impaired. For user guide- DC Programming Voltage .........:cccccccccsscsseeeeteeeeeeeeeeteees 12.5V 

Latch=Up Curent i acccseesseccinoscaveeeved decstaeta hieentuatieas: >200 mA 


lines, not tested.) 


Storage Temperature .................ce cesses —65°C to +150°C Operating Range 
Ambient Temperature with 

Power Applied .............::::::::secceeeeeseeeeeeeeeenes —55°C to +125°C 

Supply Voltage to Ground Potential 

(Pin: 24 tO: PIN AZ) tesst cccrselcreciaist cus angvvinda a leewstst —0.5V to +7.0V 

DC Voltage Applied to Outputs —55°C to +125°C 

Wa ele |g bY dao) > | (; Batrenepe enter tetera reer eenee ran —0.5V to +7.0V iAGuSIrIAl ~A0°C to 485°C BV 110% 
DC Input Voltage ........... eee eeeeeeeeeeeeeeeteeeeeeeee —0.5V to +7.0V 


Electrical Characteristics Over the Operating Range”! 


Output HIGH Voltage Voc = Min., 
Vin = Vin oF Vip 


Output LOW Voltage Voc = Min., 
Vin = Vin OF Vi 


Input HIGH Level G 
Input LOW Level G 


Input or I/O HIGH Leakage | 3.5V < Vin < Vcc 

Current 
Input or /O LOW Leakage | OV < Vin < Vin (Max.) —1 
Current 


utput Short Circuit Current | Voc = Max., Voyt = 0.5V/® 7 


Operating Power Supply 


Current 10, 15, 25 ns 


15L, 25L ns 


Capacitance!”! 


Tet Contos 
Input Capacitance Vin =2.0V @ f= 1 MHz 
Output Capacitance Vout = 2.0V @ f= 1 MHz 


Endurance Characteristics"! 


Test Conditions [in 
INO Minimum Reprogramming Cycles Normal Programming Conditions 100 


Notes: 
Ta is the “instant on” case temperature. 


See the last page of this specification for Group A subgroup testing information. 

These are absolute values with respect to device ground. All overshoots due to system or tester noise are included. 

Vi (Min.) is equal to -3.0V for pulse durations less than 20 ns. 

The leakage current is due to the internal pull-up resistor on all pins. 

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voy = 0.5V has been chosen to avoid test problems 


caused by tester ground degradation. ‘ 
Tested initially and after any design or process changes that may affect these parameters. 
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AC Test Loads and Waveforms 


ALL INPUT PULSES 


3.0V 


GND = 
<2ns 


16V8-5 


S1 
R1 
OUTPUT TEST POINT 
. R2 CL . 
J le 4168-6 


sary 
Specification c[® [ Fa | Fi | Py _| Measured Output Value 


tpp, teo Closed 50pF | 2002 | 3902 | 3902 | 750Q 
tpzx, tea Z HH: Open 1.5V 
ZL: Closed 
tpyz, ter H } Z: Open 5 pF H®Z Voy - 0.5V 
L } Z: Closed LZ: Vo. +0.5V 
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Commercial and Industrial Switching Characteristics! 


has ree a ac"% 10 aa 15 ore 
Parameter Description 


tpp Input to Output 
Propagation 
Delay!®: 91 
tpzx OE to Output 10 

Enable 
OE to Output 10 iat lie 
Disable 
Input to Output 10 15 25 
Enable Delay!7] 
Clock NY Bp 1 
Delay!®:9 
Input or Feedback 3 
Set-Up Time 


HE 


—_ 


Disable Delay!”: 1] 

‘input Hold Time | 0 
External Clock i 
Period ( (tco + ts) 


N 


—_, 
Ol|lA| A = oO nN 


— 
ron ol 


_ External Maximum 143 
Frequency 
(WM teo + tg) 4 
166 125 83 2.5 


ba | 
aN 
o1 
(jo) 


—_, 
(o>) £ 
pare ol No — nN 


fmaxo Data Path Maximum 
i ai (1/(twy + 
two) 
fax3 Internal Feedback 
Maximum 
Frequency 
(1/(to¢ + t))l” 19! 
Register Clock to 
Feedback Input bed 
id area contains preliminary information. 
Notes: 
8. Min. times are tested initially and after any design or process changes that may affect these parameters. 
9. This specification is guaranteed for all device outputs changing state in a given access cycle. 
10. This parameter is measured as the time after OE pin or internal disable input disables or enables the output pin. This delay is measured to the point at which a previous 
HIGH level has fallen to 0.5 volts below Voy, min. or a previous LOW level has risen to 0.5 volts above Vo, max. 
11. This specification indicates the guaranteed maximum frequency at which a state machine configuration with external feedback can operate. 
12. This specification indicates the guaranteed maximum frequency at which the device can operate in data path mode. 
13. This specification indicates the guaranteed maximum frequency at which a state machine configuration with internal only feedback can operate. 
14. This parameter is calculated from the clock period at fyyax internal (1Ay4ax3) as Measured (see Note 7 above) minus ts. 


Sg F CYPRESS IONS 


Military Switching Characteristics"! 


Input to Output 
Propagation Delay'® 9 
OE to Output Enable 


tpyz OE to Output Disable 
ftea —_| Input to Output Enable Delay'” 
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input to Output Disable Delay” © 
tco Clock to Output Delay!® 9 


0 
10 
10 
10 
10 
10 
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NO 
Or 
=) 
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Input or Feedback Set-Up Time 
np Hold Time 
ftp «| External Clock Period (t¢o + ts) 


NO 


Clock Width HIGH!’ 


eleleelsl | F |] | lk 
oO; o1 
° jalelelslelals| |] | | ole 
ie) 


twH | 
tw Clock Width LOW!’ 2 
Max External Maximum Frequency 45.5 37 MHz 
(W(tco + tg)!” 
62.5 41.6 MHz 


11] 
fMaxe Data Path Maximum Frequency 
(1/(twe + tw)” "4 
fMax3 Internal Feedback Maximum 
Frequency (1/(to¢ + tg))!”> 19) . 
tor Register Clock to 
Feedback Input!”: 14] 


Power-Up Reset Time!” 


Switching Waveform 
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Power-Up Reset Waveform 
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INPUT LINE 
NUMBERS 
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Functional Logic Diagram for PALCE16V8 
PIN NUMBERS 
PRODUCT LINE FIRST CELL NUMBERS 
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GLOBAL ARCH BITS 


CGp=2192 
CG4=2193 


2112 2119 
MSB_ LSB 


BYTEO | BYTE1 | BYTE2 | BYTES | BYTE4 |] BYTES | BYTE6 | BYTE7 
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Ordering Information 


Pack- 
Ic tpp ts tc age 
(ns) Ordering Code Name Package Type 
AI B] B = J6 


115.) 5 4 | PALCE16V8-5JC = ||. -J61_—_| 20-Lead Plastic Leaded Chip Carrier | Commercial. 

15/75 | 5 | 5 |PALCE16eV8-7JC Commercial 
"| ° | ®t acereverec 

wii 


Operating 
Range 


PALCE16V8-10JC 20-Lead Plastic Leaded Chip Carrier 
PALCE16V8-10PC 20-Lead (300-Mil) Molded DIP | 


P5 
130 | 10 | 7.5 | 7 | PALCE16V8-10uI 20-Lead Plastic Leaded Chip Carrier 
PALCE16V8-10PI | PS | 20-Lead (300-Mil) Molded DIP 
130 | 10 | 10 | 7 | PALCE16V8-10DMB | D6 | 20-Lead (300-Mil) CerDIP 
PALCE16V8-10LMB | 20-Pin Square Leadless Chip Carrier 
15 | 12 | 10 | PALCE16V8-15uC 20-Lead Plastic Leaded Chip Carrier 
PALCE16V8-15PC 20-Lead (300-Mil) Molded DIP 
130 | 15 | 12 | 10 | PALCE16V8-15uJI 20-Lead Plastic Leaded Chip Carrier _| Industrial 
PALCE16V8-15PI | P5 | 20-Lead (300-Mil) Molded DIP 
PALCE16V8-15DMB | D6 | 20-Lead (300-Mil) CerDIP Military 
PALCE16V8-15LMB : 20-Pin Square Leadless Chip Carrier 
25 15 12 | PALCE16V8-25JC J61 20-Lead Plastic Leaded Chip Carrier 
PALCE16V8-25PC Hy PS) 20-Lead (300-Mil) Molded DIP 
130 15 12 | PALCE16V8-25Jl J61 20-Lead Plastic Leaded Chip Carrier 
| PALCE16V8-25PI PRS =| 20-Lead (300-Mil) Molded DIP 
PALCE16V8-25DMB | D6 | 20-Lead (300-Mil) CerDIP | 
PALCE16V8-25LMB L61 20-Pin Square Leadless Chip Carrier 
10 | 7.5 | 7 | PALCE16V8L-10UC 20-Lead Plastic Leaded Chip Carrier 
_- | PALCE16V8L-10PC 20-Lead (300-Mil) Molded DIP 
65 | 10 | 10 | 7. | PALCE16V8L-10uI 20-Lead Plastic Leaded Chip Carrier 
PALCE16V8L-10PI 20-Lead (300-Mil) Molded DIP 
55 15 12 10 | PALCE16V8L-15JC — ~J61 20-Lead Plastic Leaded Chip Carrier 
PALCE16V8L-15PC 20-Lead (300-Mil) Molded DIP 
PALCE16V8L-15QC 20-Lead Quarter-Size Outline 
65 15 12 10 | PALCE16V8L-15JI J61 20-Lead Plastic Leaded Chip Carrier 
PALCE16V8L-15PI 20-Lead (300-Mil) Molded DIP 
PALCE16V8L-15QI | O85 | 20-Lead Quarter-Size Outline 
15 | 12 | 10 | PALCE16V8L-15DMB 
PALCE16V8L-15LMB 
PALCE16V8L-25JC J61 20-Lead Plastic Leaded Chip Carrier 


PALCE16V8L-25PC P5 20-Lead (300-Mil) Molded DIP 
PALCE16V8L-25QC 20-Lead Quarter-Size Outline 


65 25 15 12 | PALCE16V8L-25JI J61 20-Lead Plastic Leaded Chip Carrier 
PALCE16V8L-25PI 20-Lead (300-Mil) Molded DIP 
PALCE16V8L-25Q1 Q5_—| 20-Lead Quarter-Size Outline 
PALCE16V8L-25DMB 20-Lead (300-Mil) CerDIP 
PALCE16V8L-25LMB L61 20-Pin Square Leadless Chip Carrier 


Shaded area contains preliminary information. 
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20-Lead (300-Mil) CerDIP 
20-Pin Square Leadless Chip Carrier 
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PALCE20V8 


Flash Erasable, 


Reprogrammable CMOS PAL® Device 


Features 


¢ Active pull-up on data input pins 
Low power version (20V8L) | 
— 55 mA max. commercial (15, 25 ns) 


— 65 mA max. military/industrial 
(15, 25 ns) 


Standard version has low power 


—90 mA max. commercial 
(15, 25 ns) 


— 115 mA max. commercial (10 ns) 
— 130 mA max. military/industrial (15, 25 ns) 


CMOS Flash technology for electrical erasability and 
reprogrammability 


User-programmable macrocell 
— Output polarity control 


— Individually selectable for registered or combinato- 
rial operation 


Logic Block Diagram (PDIP/CDIP/QSOP) 


a 5 a 


¢ QSOP package available 

—10, 15, and 25 ns com’! version | 

— 15, and 25 ns military/industrial versions 
¢ High reliability 

— Proven Flash technology 

— 100% programming and functional testing 


Functional Description 


The Cypress PALCE20V8 is a CMOS Flash Erasable sec- 
ond-generation programmable array logic device. It is imple- 
mented with the familiar sum-of-product (AND-OR) logic struc- 
ture and the programmable macrocell. 


The PALCE20V8 is executed in a 24-pin 300-mil molded DIP, 
a 300-mil cerdip, a 28-lead square ceramic leadless chip car- 
rier, a 28-lead square plastic leaded chip carrier, and a 24-lead 
quarter size outline. The device provides up to 20 inputs and 
8 outputs. The PALCE20V8 can be electrically erased and re- 
programmed. The programmable macrocell enables the de- 
vice to function as a superset to the familiar 24-pin PLDs such 
as 20L8, 20R8, 20R6, 20R4. 
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Pin Configuration 


DIP/QSOP 
Top View 


Selection Guide 


Generic Part Number Com’I/Ind 
PALCE20V8-5 
PALCE20V8-7 ; 
PALCE20V8-10 
PALCE20V8-15 
PALCE20V8-25 
PALCE20V8L-15 
PALCE20V8L-—25 


Shaded area contains preliminary information. 


Functional Description (continued) 


The PALCE20V8 features 8 product terms per output and 40 
input terms into the AND array. The first product term in a 
macrocell can be used either as an internal output enable con- 
trol or as a data product term. 


There are a total of 18 architecture bits in the PALCE20V8 
macrocell; two are global bits that apply to all macrocells and 
16 that apply locally, two bits per macrocell. The architecture 
bits determine whether the macrocell functions as a register 
or combinatorial with inverting or noninverting output. The out- 
put enable control can come from an external pin or internally 
from a product term. The output can also be permanently en- 
abled, functioning as a dedicated output or permanently dis- 
abled, functioning as a dedicated input. Feedback paths are 
selectable from either the input/output pin associated with the 
macrocell, the input/output pin associated with an adjacent 
pin, or from the macrocell register itself. | . 


Power-Up Reset 


All registers in the PALCE20V8 power-up to a logic LOW for 
predictable system initialization. For each register, the associ- 
ated output pin will be HIGH due to active-LOW outputs. 


PALCE20V8 


PLCC/LCC 
Top View 
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Electronic Signature 


An electronic signature word is provided in the PALCE20V8 
that consists of 64 bits of programmable memory that can con- 
tain user-defined data. 


Security Bit 


A security bit is provided that defeats the readback of the in- 
ternal programmed pattern when the bit is programmed. 


Low Power 


The Cypress PALCE20V8 provides low-power operation 
through the use of CMOS technology, and increased testability 
with Flash reprogrammability. 


Product Term Disable 


Product Term Disable (PTD) fuses are included for each prod- 
uct term. The PTD fuses allow each product term to be indi- 
vidually disabled. 


Input and I/O Pin Pull-Ups 


The PALCE20V8 input and I/O pins have built-in active 
pull-ups that will float unused inputs and I/Os to an active 
HIGH state (logical 1). All unused inputs and three-stated I/O 
pins should be connected to another active input, Voc, or 
Ground to improve noise immunity and reduce Icc. 
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Configuration Table | 


PALCE20V8 


Devices Emulated 


11 To 
Adjacent 
11 10 
a " 00 Macrocell 
= 0X 01 
@ 10 a 
i a ne 
CLO 
CG, * 
| 11 
i 
ae. al Gx 
© EE be: 0-9-8) Ox 
) 
aS 10 
|) : 
2 eames Voc ) > 
E CLK—b 
: C11, Le 
: : 11 
0 xX From 
: Adjacent 
__CGy for pin 16 to 21 (DIP) CLO, Pin 
_ CGo for pin 15 and 22 (DIP) 20V8-4 
Maximum Ratings Output Current into Outputs (LOW)...........cccescseeeeees 24 mA 
eee | DC Programming Voltage .......:ccccsccccssesesesesecueceseseeeees 12.5V 
(Above which the useful life may be impaired. For user guide- ve g g 
lines, not tested.) Latch-Up Current occs casescessessecsarencxgidsevvandocancessenviontans >200 mA 


Storage Temperature Caeaaaine ans —65°C to +150°C 
Ambient Temperature with 

Power Applied ............ccceeccsessssscsssseessessesseees —55°C to +125°C 
Supply Voltage to Ground Potential 

(Pin 24 to PIN 12)... eeceesseseteeceseesesesesseecesees —0.5V to +7.0V 
DC Voltage Applied to Outputs | 

WA TAIZ SAC os sceei cca Gaccrczctztevees xtoivodscorersmaaiaess —0.5V to +7.0V 
DC Input Voltage ........ eee sescscsessessesseseeeees —0.5V to +7.0V 
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Operating Range 


Ambient 
Temperature 


0°C to +75°C 


Range 


—40°C to +85°C 


—55°C to +125°C - SV +10% 


Ta is the “instant on” case temperature. 
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Vou Output HIGH Voltage Voc = Min., 
L Output LOW Voltage Voc = Min., 
Guaranteed Input Logical HIGH Voltage for All Inputs!?! fp ae] 
V4) Guaranteed Input Logical LOW Voltage for All Inputs!5! } 08 | Vv 


| Min. | 
Lol cd bc 
Current 
: ai 
ad 
aa 
aa 
Lot) 
oes ceed 
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[5] Input or /O LOW Leakage | OV < Vin < Vin (Max.) 100 
Current 


r 
r 

Output Short Circuit Current | Voc = Max., Voyt = 0.5V!%71 }=150 | mA _ 
5,7,10ns Com’! 115 | mA | 
15, 25 ns 


3 
> 


= 
> 


Vec = Max., 
Vit = OV, Vin = 8V, 
Output Open, 

= 15 MHz 
(counter) 


Operating Power Supply 
Current 


loc 


3 
> 


or 
3 
> 


35 [ma 
130_| mA 
65 [ma 


15L, 25L ns 
10, 15, 25 ns Mil/Ind 
15L, 25L ns Mil/Ind 


3 
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Capacitance!’! 


Test Contons 
Input Capacitance Vin = 2.0V @ f= 1 MHz 
Output Capacitance Vout = 2.0V @ f= 1 MHz 


Endurance Characteristics!”! 


Minimum Reprogramming Cycles Normal Programming Conditions 


Unit 


Notes: 

See the last page of this specification for Group A subgroup testing information. 

These are absolute values with respect to device ground. All overshoots due to system or tester noise are included. 

Vit (Min.) is equal to —3.0V for pulse durations less than 20 ns. 

The leakage current is due to the internal pull-up resistor on all pins. 

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voy = 0.5V has been chosen to avoid test problems 


caused by tester ground degradation. 
Tested initially and after any design or process changes that may affect these parameters. 


On pw 
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AC Test Loads and Waveforms 
ALL INPUT PULSES 
3.0V 
GND 
: 20V8-5 


<2ns 


5V 


TEST POINT 


OUTPUT 
R2 CL 
. ui 20V8-6 
ze 
| Rg | Measured Output Value 
1 a ee 
HZ: Bin we 0.5V 


Specification 
50 eS i ooo 
tpzx, tea ZH: Open 
ZL: Closed 
tpxz, ter H » Z: Open 
LZ: Closed LZ: Bin we 
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Commercial and Industrial Switching Characteristics! 


20V8-5 20V8-7 20V8-15 
Input to Output 


a 
Input to Output 
Enable Delay! 
Input to Output 
Disable Delay!” *! 


Clock to Output Delay!! 


20V8-25 


Input or Feedback 
Set-Up Time : 
Input Hold Time 


External Clock Period 
(tco + ts) 

Clock Width HIGH!!! 
Clock Width LOW! me 


fax External Maximum 143 
Frequency (1/(tcg + ts))!” 
Data Path Maximum 


Frequency 
(1/(twiy + tw)? | 
fMax3 Internal Feedback Maximum | 166.6 
12] 
Frequency (1/(tor + tg)!” 
tcr Register Clock to 
Feedback Input!” 15] 


Power-Up Reset Time!] 


5 


N 
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Shaded area contains preliminary information. 


ee a ee a ee 
Notes: 


8. Min. times are tested initially and after any design or process changes that may affect these parameters. 

9. This parameter is measured as the time after OE pin or intemal disable input disables or enables the output pin. This delay is measured to the point at which a previous 
HIGH level has fallen to 0.5 volts below Vo, min. or a previous LOW level has risen to 0.5 volts above Vo, max. 

10. This specification indicates the guaranteed maximum frequency at which a state machine configuration with external feedback can operate. 

11. This specification indicates the guaranteed maximum frequency at which the device can operate in data path mode. 

12. This specification indicates the guaranteed maximum frequency at which a state machine configuration with internal only feedback can operate. 

13. This parameter is calculated from the clock period at fryax internal (1/fjax3) as measured (see Note 7 above) minus ts. 
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0 Sie Eien Hii mae] unt 
pt | Min, | Max. | Min. | Max. | Min. | Max. | 
SLRSESAIR LS 
ae a ee eee ee 
ee 2 ae ee ee 
a a ee ae eS ee ee 
Ne re 
ae eae wee eee 
hl ee ee a a ee 
| pe ee iL ae 
Eee ko eae eee ee 
2 ie he eee ee ee 
ce ae ee ae ee ae a 
Sl all a 
faxe Data Path Maximum Frequency 62.5 50 33.3 MHz 
hee ities | STL 
fMax3 Internal Feedback Maximum 62.5 50 33.3 MHz 
tor Register Clock to 10 
Feodmxowey || TT | 
ter PowerupReset Time”) Tt | Et Tt Ts 
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Switching Waveform 


INPUTS, I/O, 
REGISTERED 
FEEDBACK 


CP 


tea, tpz10l 
REGISTERED : 
OUTPUTS 


tea, tpzl10l 
ome PUTS XK EE 
OUTPUTS /\/\ A / HH XA 


20V8—7 
Power-Up Reset Waveform 


POWER 10% 90% 
SUPPLY VOLTAG 
R 


tp 
REGISTERED = 
ACTIVE LOW KK KOOKRYN 


OUTPUTS 


i 
c106k ANN 


tpR MAX= 1 us twe 20V8-8 


ts 
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Functional Logic Diagram for PALCE20V8 


PINNUMBERS DIP(PLCC)PACKAGE 
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Cr 
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3 (4) | 


600 
4 (5) | 


640 


maul iz 
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ai S000 00 SONOS am 
—————T—>—KK—$—£=*z~—aXKxFc—[x[{][—_ ot 
| yf BRERRae a | Fy tt iyo 7 | 2 ae a 
bpm pn mpfr bantam fpf PTT i | el el fl nf ene 
BRERRREeE eee i Ft, fF Fy +1 tf tt} fff fff » a a 
4240 ttt ti riety. Fei ETT 1 Tg Te, Fe hf —on on 
6 (7 I SHEESH HEE HExH 
ooo EET PTT TTT Et 
eo ioe dotoeesoe eee 1 
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1560 CTT eT TT TT TT TY TTT TT TT =e. 
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11(13)]} te 


ELECTRONIC SIGNATURE ROW 


2568 2569... ».. 2630 2631 
BYTE7 | BYTE6 ... ... BYTE BYTEO 
MSB LSB 
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PIN NUMBERS DIP (PLCC)PACKAGE 7 


23 (27) 

CGo_ ia 
MC7 
CL1=2560 
CLO=2632 


Sop] _] 22 (26) 


MC6 
CL1=2561 
CLO=2633 


op 1_| 21 (25) 
ma 


MC5 
=ior =2562 
| CLO=2634 


eo | | 20 (24) 
ed 


MC4 
CL1=2563 
CLO=2635 


po pf_| 19 (23) 
as 


MC3 
CL1=2564 
CLO=2636 


| 118 (21) 


> 
ee 


MC2 
CLO=2637 


>a | {17 (20) 
oe 


MC1 
CL1=2566 
CLO=2638 


Sop] | 16 (19) 
el 


> | | 15 (18) 
Lo 


| 114 (17) 
<t+—{_] 13 (46) 


CGo=2704 
CG1=2705 
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| ordering code __|"Name’| Package Type | Range 
Ordering Code Name Package Type Range 
PALCE20V8-7JC Commercial 
PALCE20V8-7PC 24-Lead (300-Mil) Molded DIP 

7 


PALCE20V8-—10PI 24-Lead (300-Mil) Molded DIP 


130 


[PALCEDOVE-10LMB | _L64_|26-Pin Square Leadess Chip Carer _ 
a 


(o) 


PALCE20V8-15QC 24-Lead Quarter-Size Outline 
PALCE20V8-15uI 28-Lead Plastic Leaded Chip Carrier ao 


[PALCEOVE-16PI____| _PI8_[@4-Lead (OOM) Molded DIP 
ee oe 


NO 


Q 


“lon ae] 
anh, ~=—h, ss ok —s 


PALCE20V8-25PC | P13 | 24-Lead (300-Mil) Molded DIP 


NO 
ol 


PALCE20V8-25QC 24-Lead Quarter-Size Outline 


ah, 
.é) 
co) 
N 
o1 
N 
© 
N 
co) 


PALCE20V8-25uI | 64 28-Lead Plastic Leaded Chip Carrier _| Industrial 
PALCE20V8-25PI fe PIG) 24-Lead (300-Mil) Molded DIP 


PALCE20V8-25Q]! Q 24-Lead Quarter-Size Outline 
PALCE20V8-25DMB | D14 | 24-Lead (300-Mil) CerDIP Military 
PALCE20V8-25LMB | L64 | 28-Pin Square Leadless Chip Carrier 


Shaded area contains preliminary information. 


P 
r 
P 
D 
PALCE20V8—15LMB - 
PALCE20V8-25JC J 28-Lead Plastic Leaded Chip Carrier Commercial 
Pp : 
7 
P 
D 


L64 
J64 
13 
13 
64 
13 
13 
14 
L64 
64 
13 
13 
64 
13 
13 
14 
L64 
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Ordering Information for PALCE20V8L 


ts to Package a Operating 
(ns) (ns) Ordering Code Name Package Type Range 


55 | 15 | 12 | 10 | PALCE20V8L-15JC 28-Lead Plastic Leaded Chip Carrier | Commercial 
o PALCE20V8L-15PC 24-Lead (300-Mil) Molded DIP 
PALCE20V8L—15QC 24-Lead Quarter-Size Outline 
15 | 12 | 12 | PALCE20V8L-15ul 28-Lead Plastic Leaded.Chip Carrier _| Industrial 
PALCE20V8L-15PI 24-Lead (300-Mil) Molded DIP 
PALCE20V8L-15Q! 24-Lead Quarter-Size Outline 
PALCE20V8L-15DMB 24-Lead (300-Mil) CerDIP Military 
| PALCE20V8L—15LMB 28-Pin Square Leadless Chip Carrier 
55 | 25 | 15 | 12 | PALCE20V8L-25JC 28-Lead Plastic Leaded Chip Carrier | Commercial | 
PALCE20V8L-25PC 24-Lead (300-Mil) Molded DIP 
PALCE20V8L-25QC 24-Lead Quarter-Size Outline a 
65 | 25 | 20 | 20 | PALCE20V8L-25J1 | 28-Lead Plastic Leaded Chip Carrier _| Industrial 
PALCE20V8L-25PI 24-Lead (300-Mil) Molded DIP 
PALCE20V8L-25Q! — 24-Lead Quarter-Size Outline : 
PALCE20V8L-25DMB 24-Lead (300-Mil) CerDIP- Military 
PALCE20V8L-—25LMB 28-Pin Square Leadless Chip Carrier 


3 
3 
3 
4 
3 
3 
3 
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MILITARY SPECIFICATIONS __ , eee: 
Group A Subgroup Testing | Switching Characteristics 


ts , 10, 
H 


DC Characteristics 


Subgroups 
Vor nS 


is «TT 


Document #: 38—00367—D 


1,2,3 
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Features 


- Fast 

— Commercial: tpp = 15 ns, teo = 10 ns, tg = 12 ns 

— Military: tpp = 20 ns, tcp = 15 ns, ts = 15 ns 

Low power 

—Icc max.: 70 mA, commercial 

—lec max.: 100 mA, military 

Commercial and military temperature range 
User-programmable output cells 

— Selectable for registered or combinatorial operation 
— Output polarity control 


— Output enable source selectable from pin 13 or prod- 
uct term 

Generic architecture to replace standard logic func- 

tions including: 20L10, 20L8, 20R8, 20R6, 20R4, 12L10, 

14L8, 16L6, 18L.4, 20L2, and 20V8 


. Sane product terms and one OE product term per our 
put 


Logic Block “sy 


Vss 


fax id: 6014 


PLDC20G10B/PLDC20G10 


CMOS Generic 24-Pin 
Reprogrammable Logic Device 


CMOS EPROM technology for reprogrammability 
Highly reliable 

— Uses proven EPROM technology 

— Fully AC and DC tested 

— Security feature prevents logic pattern duplication 


—+10% power supply voltage and higher noise immu- 
nity 


Functional Description 


Cypress PLD devices are high-speed electrically programma- 
ble logic devices. These devices utilize the sum-of-products 
(AND-OR) structure providing users the ability to program cus- 
tom logic functions for unique requirements. 


In an unprogrammed state the AND gates are connected via 
EPROM cells to both the true and complement of every input. 
By selectively programming the EPROM cells, AND gates may 
be connected to either the true or complement or disconnect- 
ed from both true and complement inputs. 


ONO RRAYE 


a 5 a : 


K OUTPUT |_J OUTPUT OUTPUT |_LOUTPUT 
= | =f = | 


eat 


a 


OUTPUT 
Poet 


OUTPUT 
= | 


a : a 


OUTPUT |_},OUTPUT OUTPUT 
CELL = | 


ea Ht 


y 


OUTPUT 
ae 


Og VOg 
Pin Configurations 
LCC 
Top View 


VO7 V/O6 Os 


PLDC20G10 
PLDC20G10B 2 


Note: 


1. 
The difference is in the location of the “no connect” or NC pins. 


PLDC20G10 
PLDC20G10B 


V/O4 03 04 Oo 


JEDEC PLcc |"! 


CG7C323-A 
CG7C323B-A 


The CG7C323 is the PLDC20G10 packaged in the JEDEC-compatible 28-pin PLCC pinout. Pin function and pin order is identical for both PLCC pinouts. 
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Selection Guide 


Generic 
Part Number 


eects [70 
jeoGion-20 [70 _—* 
eocioe-25 | 
eocio-2 iC 
ae 
| 
od 


20G10-30 
20G10-35 
20G1 0-40 


Functional Description (continued) 


Cypress PLDC20G10 uses an advanced 0.8-micron CMOS 
technology and a proven EPROM cell as the programmable 
element. This technology and the inherent advantage of being 
able to program and erase each cell enhances the reliability 
and testability of the circuit. This reduces the burden on the 
customer to test and to handle rejects. 


A preload function allows the registered outputs to be preset 
to any pattern during testing. Preload is important for testing 
the functionality of the Cypress PLD device. 


20G10 Functional Description 


The PLDC20G10 is a generic 24-pin device that can be pro- 
grammed to logic functions that include but are not limited to: 
20L10, 20L8, 20R8, 20R6, 20R4, 12L10, 14L8, 16L6, 18L4, 
20L2, and 20V8. Thus, the PLDC20G10 provides significant 
design, inventory and programming flexibility over dedicated 
24-pin devices. It is executed in a 24-pin 300-mil molded DIP 
and a 300-mil windowed cerDIP. It provides up to 22 inputs and 
10 outputs. When the windowed cerDIP is exposed to UV light, 
the 20G10 is erased and then can be reprogrammed. 


The programmable output cell provides the capability of defin- 
ing the architecture of each output individually. Each of the 10 
output cells may be configured with registered or combinatori- 
al outputs, active HIGH or active LOW outputs, and product 
term or Pin 13 generated output enables. Three architecture 
bits determine the configurations as shown in the Configura- 


PLDC20G10 
PLDC20G10B 


tco (ns) 


ome 


comne 


nN NO Se 9 
ol i) O1; O1 


tion Table and in Figures 1 through 8. A total of eight different 
configurations are possible, with the two most common shown 
in Figure 3 and Figure 5. The default or unprogrammed state 
is registered/active/LOW/Pin 11 OE. The entire programmable 
output cell is shown in the next section. 


The architecture bit ‘C1’ controls the registered/combinatorial 
option. In either combinatorial or registered configuration, the 
output can serve as an I/O pin, or if the output is disabled, as 
an input only. Any unused inputs should be tied to ground. In 
either registered or combinatorial configuration, the output of 
the register is fed back to the array. This allows the creation of 
control-state machines by providing the next state. The regis- 
ter is clocked by the signal from Pin 1. The register is initialized 
on power up to Q output LOW and Q output HIGH. 


In both the combinatorial and registered configurations, the 
source of the output enable signal can be individually chosen 
with architecture bit ‘C2’. The OE signal may be generated 
within the array, or from the external OE (Pin 13). The Pin 13 
allows direct control of the outputs, hence having faster en- 
able/disable times. 


Each output cell can be configured for output polarity. The out- 
put can be either active HIGH or active LOW. This option is 
controlled by architecture bit ‘CO’. 


Along with this increase in functional density, the Cypress 
PLDC20G10 provides lower-power operation through the use 
of CMOS technology and increased testability with a register 
preload feature. 
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Registered Output Configurations 
Co= 0 
Cy= 0 
Co= 1 


20G10-8 


Figure 3. Pin 13 OE/Active LOW 


Combinatorial Output Configurations”! 


229 
Hou ow 
Ooo 


20G10-10 


Figure 5. Product Term OE/Active LOW 
Co= 1 
Cy,= 1 
Co= 0 


20G10-12 


PIN 13 


Figure 7. Pin 13 OE/Active Low 


Note: 
2. 


20G10-7 


Figure 4. Pin 13 OE/Active HIGH 
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Figure 6. Product Term OE/Active HIGH 


20G10-13 


PIN 13 


Figure 8. Pin 13 OE/Active HIGH 


Bidirectional I/O configurations are possible only when the combinatorial output option is selected 
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= ee PLDC20G10B 
Maximum Ratings DC Programming Voltage | 

PLDC20G10B and CG7C323B-A ........:::cccccccsessssssnenes 13.0V 
(Above which the useful life may be impaired. For user guide- PLDC20G10 and CG7C323-A..........:0::ceesssssesssnseeneees 14.0V 
lines, not tested.) Latch-Up Current ....ccccccscssssssesssssecessceceescseseseeesvereees >200 mA 
Storage Temperature 0... eee “65°C 10 +150°C Static Discharge VOItage......cs-sessecssssssesessssseeeesssssseeeen >500V 
Ambient Temperature with (per MIL-STD-883, Method 8015) 
Power-Applied vnswcvesesierceceatuakucid —55°C to +125°C 
Supply Voltage to Ground Potential ............... ~0.5V to +7.0V Operating Range 
DC Voltage Applied to Outputs Ambient 
(A FAIGHY ZS Ate icc soa cws scacsueasandexs onadeapaaanrwsedote —0.5V to +7.0V Range Temperature Vec 
DC Input Voltage .........csccsscssesssseseesessessessesee -3.0V to +7.0V 0°C to +75°C BV +10% 
Output Current into Outputs (LOW) ..............:cceeeeeees 16 mA —55°C to +125°C 5V +10% 


—40°C to +85°C — 5BV+10% 


7 loy=—-3.2mA_ | Com'i/Ind 2.4 


VoH Output HIGH Voltage Voc = Min., 
lo. = 24 mA Com'I/Ind 


Output LOW Voltage Voc = Min., 
Min = Minor ML lol=12mA___| Military 


Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs!®! 


Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs!®! Eo 
Input Leakage Current Vss S$ Vin S$ Vec —10 


Voc = Max., Voyr = 0.5V/% 71 


O< Vin < Voc Com’I/Ind—15, —20 
Voc = Max., 

lout =OmA 

Unprogrammed Device 


Test Conditions 
Input Capacitance Ty = 25°C, f = 1 MHz 
Output Capacitance Vin = 2.0V, Voc = 5.0V 


3. Ty is the “instant on” case temperature. 

4. See the last page of this specification for Group A subgroup testing information. 

5. These are absolute values with respect to device ground. All overshoots due to system or tester noise are included. 

6. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyr = 0.5V has been chosen to 
7 


avoid test problems caused by tester ground degradation. 
Tested initially and after any design or process changes that may affect these parameters. 
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AC Test Loads and Waveforms (Commercial) — 


R1 2380 i —«R1 2389 
(319Q MIL) | (319Q MIL) 
5V 5V 
OUTPU OUTPUT 
R2 170Q | R2 170Q 
SOpF (236Q MIL) | 5 pF (236Q MIL) 
INCLUDING al INCLUDING Te 
JIG AND = = JIG AND = = 20G10-14 
SCOPE SCOPE 3 
(a) (b) 
Equivalent to: THEVENIN EQUIVALENT (Commercial) Equivalent to: THEVENIN EQUIVALENT (Military/Industrial) 
99Q 136Q 
OUTPUT O-——wwe—O:_ 2.08 VE Vine OUTPUT O—————Ww—: 2.13 VEV thm 
20G10-15 20G10-16 


Switching Characteristics Over Operating Range!®: ® 9! | 7 


Parameter ~ Description | Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. | 

[eo | Input or Feedback toNon-Registered Output [ [15 | | 20 | [a5 | | 95 | ns 
‘cx [Inputto Outputenabio || te | [20 | [| 85 | 
fen | Imputto OuiputDisabio —SSSSS«T=ST tS | if Of me |i | ns 
fecx __[PintitoOutputenabie SSS] ST | df | OL | 


Notes: 


8. Part (a) of AC Test Loads and Waveforms used for all parameters except ter, tpzx, and tpxz. Part (b) of AC Test Loads and Waveforms used for ter, tpzx, 
and tpxz- : 
9. The parameters ter and tpyz are measured as the delay from the input disable logic threshold transition to Voy — 0.5V for an enabled HIGH output or Vo 


+ 0.5V for an enabled LOW input. 
10. tp minimum guaranteed clock period is that guaranteed for state machine operation and is calculated from tp = ts + tego. The minimum guaranteed period 


for registered data path operation (no feedback) can be calculated as the greater of (tw + twi) OF (ts + ty). . 
11. fax, minimum guaranteed operating frequency, is that guaranteed for state machine operation and is calculated from fax = 1/(ts + tea). The minimum 
guaranteed fiyax for registered data path operation (no feedback) can be calculated as the lower of 1/(twy + tw_) or 1/(ts + ty). 
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Switching Characteristics Over Operating Range!® ® °! (continued) 
Military/Industrial 
Parameter Description 


ipti Unit 
tpp | Input or Feedback to Non-Registered Output 
Input to Output Disable 


: 


=; NO] MINM] NM] NM 
oo; Of; ©}; O17 O1] Oo 


tpp 
Disable 
Ss Input or Feedback 
a 
tWH 
WL 
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MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Subgrouns 


as 
Ce ek 
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PLDC20G10—25PC/PI ee | 


PLDC20G10-30WMB 


P13 
W14 
D14 
J64 
P13 
D14 
L64 
|” rcacansrosseo —[ Fis i 


PLDC20G10 
PLDC20G10B 


[PLO Ce0G10B-18PC__| P13 _|Bé-Lead (G00.Mi) Molded DIP____| Commercial 


il) 
24-Lead (300-Mil) Windowed CerDIP 


28-Lead Plastic Leaded Chip Carrier 


a ( 
| D14 | 24-Lead (300-Mil) CerDIP Military 
p68 


Commercial/ 
Industrial 


15 
PLDC20G10-25WC 24-Lead (300-Mil) Windowed CerDIP 
30 | 20 | 20 PLDC20G10-30DMB_ | D14_| 24-Lead (300-Mil) CerDIP 
PLDC20G10-30LMB |.- eat 28-Square Leadless Chip Carrier 


24-Lead (300-Mil) Molded DIP 


24-Lead (300-Mil) Windowed CerDIP 
24-Lead (300-Mil) Molded DIP 


Switching Characteristics 


Subgroups 


oO 
fe «SOT 


Document #: 38—00019-—H 


Features 


e 


Advanced-user programmable macrocell 

CMOS EPROM technology for reprogrammability 
Up to 20 input terms 

10 programmable I/O macrocells 


Output macrocell programmable as combinatorial or 
asynchronous D-type registered output 


Product-term control of register clock, reset and set 
and output enable 


Register preload and power-up reset 

Four data product terms per output macrocell 
Fast 

— Commercial 


Low power 
—lcoc max - 80 mA (Commercial) 


fax id: 6015 


PLDC20RA10 


Reprogrammable Asynchronous 


CMOS Logic Device 
—Ic¢ max = 85 mA (Military) 
High reliability 
— Proven EPROM technology 
—>2001V input protection 
— 100% programming and functional testing 


pM eases DIP, windowed LCC, DIP, LCC, PLCC avail- 
able 


Functional Description 


The Cypress PLDC20RA10 is a high-performance, sec- 
ond-generation programmable logic device employing a flexi- 
ble macrocell structure that allows any individual output to be 
configured independently as a combinatorial output or as a 
fully asynchronous D-type registered output. 


The Cypress PLDC20RA10 provides lower-power operation 
with superior speed performance than functionally equivalent 
bipolar devices through the use of high-performance 0.8-mi- 
cron CMOS manufacturing technology. 


The PLDC20RA10 is packaged in a 24 pin 300-mil molded 
DIP, a 300-mil windowed cerDIP, and a 28-lead square lead- 
less chip carrier, providing up to 20 inputs and 10 outputs. 
When the windowed device is exposed to UV light, the 
20RA10 is erased and can then be reprogrammed. 


IY ne ue . SEE SIRE 


MACROCEL acroces{fwacroce MACROCEL | |MACROCEL pacroceulfuacroce MACROCEL [pscroce MACROCEL excrocen | MACROCEL hacnocel fuacrocen MACROCEL | |MACROCEL pacmoceulfcroceu MACROCEL 
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Generic Part 
Number 


15 
20 


NC 

Oo 
03 
04 
VO5 
Og 


O07 


12131415161718 


0 MMW @ 
—~"Gld OOF 


RA10-2 


Macrocell Architecture 


Figure 1 illustrates the architecture of the 20RA10 macrocell. 
The cell dedicates three product terms for fully asynchronous 
control of the register set, reset, and clock functions, as well 
as, one term for control of the output enable function. 


The output enable product term output is ANDed with the input 
from pin 13 to allow either product term or hardwired external 
control of the output or a combination of control from both 
sources. If product-term-only control is selected, it is automat- 
ically chosen for all outputs since, for this case, the external 
output enable pin must be tied LOW. The active polarity of 
each output may be programmed independently for each out- 
put cell and is subsequently fixed. Figure 2 illustrates the out- 
put enable options available. 


When an I/O cell is configured as an output, combinatori- 
al-only capability may be selected by forcing the set and reset 
product term outputs to be HIGH under all input conditions. 
This is achieved by programming all input term programming 
cells for these two product terms. Figure 3 illustrates the avail- 
able output configuration options. 


An additional four uncommitted product terms are provided in 
each output macrocell as resources for creation of user-de- 
fined logic functions. . 


Programmable I/O 


Because any of the ten I/O pins may be selected as an input, 
the device input configuration programmed by the user may 
vary from a total of nine programmable plus ten dedicated in- 
puts (a total of nineteen inputs) and one output down to a 
ten-input, ten-output configuration with all ten programmable 
I/O cells configured as outputs. Each input pin available in a 
given configuration is available as an input to the four control 


Note: 


PLDC20RA10 


STD PLCC/HLCC [1] 
Top View 


JEDEC PLCC/HLCC 
Top View 


Oo Oo 
V/O3 03 
V/O4 VO4 
VO5 NC 

VO6 VO5 
VO7 10g 
NC 07 

RA10-3 RA10—4 


product terms and four uncommitted product terms of each 
programmable I/O macroceil that has been configured as an 
output. 


An I/O cell is programmed as an input by tying the output en- 
able pin (pin 13) HIGH or by programming the output enable 
product term to provide a LOW, thereby disabling the output 
buffer, for all possible input combinations. 


When utilizing the I/O macrocell as an output, the input path 
functions as a feedback path allowing the output signal to be 
fed back as an input to the product term array. When the output 
cell is configured as a registered output, this feedback path 
may be used to feed back the current output state to the device 
inputs to provide current state control of the next output state 
as required for state machine implementation. 


Preload and Power-Up Reset 


Functional testability of programmed devices is enhanced by 
inclusion of register preload capability, which allows the state 
of each register to be set by loading each register from an 
external source prior to exercising the device. Testing of com- 
plex state machine designs is simplified by the ability to load 
an arbitrary state without cycling through long test vector se- 
quences to reach the desired state. Recovery from illegal 
states can be verified by loading illegal states and observing 
recovery. Preload of a particular register is accomplished by 
impressing the desired state on the register output pin and 
lowering the signal level on the preload control pin (pin) to a 
logic LOW level. if the specified preload set-up, hold and pulse 
width minimums have been observed, the desired state is 
loaded into the register. To insure predictable system initializa- 
tion, all registers are preset to a logic LOW state upon pow- 
er-up, thereby setting the active LOW outputs to a logic HIGH. 


1. The CG7C324 is the PLDC20RA10 packaged in the JEDEC-compatible 28-pin PLCC pinout. Pin function and pin order is identical for both PLCC pinouts. The 


principal difference is in the location of the “no connect” (NC) pins 
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OUTPUT ENABLE 
(FROM PIN 13) 


PRELOAD 
(FROM PIN 1) 


1 TO I/O PIN 
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RA10-5 
Figure 1. PLDC20RA10 Macrocell 
Output Always Enabled . Programmable 
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Combination of 
Programmable and Hardwired 
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Figure 2. Four Possible Output Enable Alternatives for the PLDC20RA10 
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PLDC20RA10 


Combinatorial/Active LOW 


RA10-11 


RA10—-10 


Combinatorial/Active HIGH 


RA10-13 


RA10-—12 


Figure 3. Four Possible Macrocell Configurations for the PLDC20RA10 
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| 


Maximum Ratings Static Discharge Voltage............ccccccceessssssseneeeneeeesens >2001V 
(per MIL-STD-883, Method 3015) 

(Above which the useful life may be impaired. For user guide- : 

lines, not tested.) Latch= Up Current asics vuntccesvastiestestansade se aneideeecneccasete >200 mA 

Storage Temperature .....ccsscssceccessseesseeesees ~65°C to +150°C DC Program Voltage..........cccccssssssesneneees edaeaastenhiciennchtet 13.0V 

Ambient Temperature with Operating Ranae | 

Power Applied ..........csscssscscssssssseecsecseeeseneeees —55°C to +125°C P 2 nee 

(Pin 24 to Pith 12) .cccssecscccsssccsssssscescessseeesesseeees -0.5V to +7.0V Range Temperature Vee 

DC Voltage Applied to Outputs | 0°C to +75°C — 5V+10% 

HPL PAIGIZ SUN sess coarsest caninseladseamstatarectoe ease —0.5V to +7.0V Military!! —55°C to +125°C 5V + 10% 

DC Input Voltage............cccssesssseseessssssneeeees -3.0Vto+7.0V 

Output Current into Outputs (LOW) .......... ee eeeeees 16 mA 


Electrical Characteristics Over the Operating Rangel®! 


Output HIGH Voltage Voc = Min., low =—-3.2 MA 2.4 


Output LOW Voltage Voc = Min., lol =8mA 
Vin = Vin OF Vit 


Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs'4] | 2.0 


0.5 


Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs!“ 
Input Leakage Current Vss $ Vin S$ Vee; Vec = Max 
Output Leakage Current Voc = Max., Vss < Vout $ Vec —40 . 


Vec = Max., Vout = 0.5viél 
Voc= Max., Vin = GND Outputs Open 


Output Short Circuit Current!®! 
Standby Power Supply Current 


Power Supe Current at Vcc = Max., Outputs Disabled (In High Z 


Frequency State) Device Operating at fyax Mil 


| 
oo| & 
re) ~~ ze 
iN 


Capacitance! 


Paramee Test Conditions [Wax 
Input Capacitance Vin = 2.0 V @ f=1 MHz pF 
pF 


Output Capacitance Vout = 2.0 V @ f= 1 MHz 


2. T, is the “instant on” case temperature. 

3. See the last page of this specification for Group A subgroup testing information. 

4. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

5. Tested initially and after any design or process changes that may affect these parameters. . 

6. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voy = 0.5 V has been chosen to 
avoid test problems caused by tester ground degradation. 
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AC Test Loads and Waveforms (Commercial) 
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R1 457Q R14570— ALL INPUT PULSES 
(4702 MIL) (4702 MIL) ies oe, 
OUTPUT OUTPUT 
Soe are 
paul (3190 Mil ou (Bisamil) <8 
INCLUDING ue — INCLUDING ale —— 
JIG AND JIG AND 
SCOPE SCOPE eRe RA10—15 
(a) (b) 
Equivalent to: THEVENIN EQUIVALENT(Commercial) Equivalent to: THEVENIN EQUIVALENT(Military) 
1702 
OUTPUT O———ww——O_—1.86V=Vithc OUTPUT O——vrn-—O-_2.02V=Ving 
RA10-16 RA10—17 


Output Waveform Measurement Level 


Parameter 
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Switching Characteristics Over the Operating Range!® ” °! 


-20. 
prameter | __Descrinon _[ Win [ w|i [wan Wn [an [oe | [Wa 


Input or Feedback to | 
Non-Registered Output 
Input to Output Enable wae 
Input to Output 
Disable 
tpzx Pin 13 to Output 
Enable 


8 
ol 


tpxz Pin 13 to Output 
Disable 


Clock to Output 


Input or Feedback 7 
Set-Up Time 


Hold Time 
Clock Period 22 
(tgu + tco) 


Clock Width HIGH 


axinein Frequency 45.5 33.3 
(1/tp)°l 


Input of Asynchronous 
Set to Registered Output 


Input of Asynchronous 
Reset to Registered 
Output | 


tarw peyocnronous Reset 15 
Wiath!>! 
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a 

7. Part (a) of AC Test Loads was used for all parameters except tea, ter, tpzx and tpyz, which use part (b). 

8. The parameters ter and tpxz are measured as the delay from the input disable logic threshold transition to Voy, - 0.5 V for an enabled HIGH output or Vo, 
+0.5V for an enabled LOW output. Please see part (c) of AC Test Loads and Waveforms for waveforms and measurement reference levels. 
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Switching Waveform 
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Ordering Information 
tpp tsy tco Package Operating 
Icco2 | (Ns) | (Ns) | (ns) Ordering Code Name Package Type Range 


15 7 15 | PLDC20RA10-15JC | 64 | 28-Lead Plastic Leaded Chip Carrier Commercial 
PLDC20RA10-15PC P PAS. 24-Lead (300-Mil) Molded DIP 


CG7C324-A15JC | J64 | 28-Lead Plastic Leaded Chip Carrier 
10 20 | PLDC20RA10-20PC | P13 | 24-Lead (300-Mil) Molded DIP 
CG7C324-A20JC | J64 | 28-Lead Plastic Leaded Chip Carrier 


-Mil) 
85 20 10 20 | PLDC20RA10-20DMB -24-Lead (300-Mil) CerDIP Military 
PLDC20RA10-20WMB 24-Lead (300-Mil) Windowed CerDIP 
il) 


J64 
P13 
J64 
P13 
J64 
- D14 
: wi4 i 

wr 

MILITARY SPECIFICATIONS 


Group A Subgroup Testing Switching Characteristics 


ty 


PLDC20RA10-35WMB 


DC Characteristics 


Subgroups 


15:2,.3 


12,3 

12,3 te 10,1 

12,3 Document #: 38-00073-F 
loc 
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1,2,3 
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PALCE22V10 


Flash Erasable, 


Reprogrammable CMOS PAL® Device 


Features 


Low power 

—90 mA max. commercial (10 ns) 

— 130 mA max. commercial (5 ns) 

CMOS Flash EPROM technology for electrical erasabil- 

ity and reprogrammability 

Variable product terms 

— 2 x(8 through 16) product terms 

User-programmable macrocell 

— Output polarity control 

— Individually selectable for registered or combinato- 
rial operation 

Up to 22 input terms and 10 outputs 

DIP, LCC, and PLCC available 


—5 ns commercial version 
4nstco 
3ns ts 


Logic Block ws al sy 


\ss 


5. ns tpp 
181-MHz state machine 


—10 ns military and industrial versions 
7 ns tco 
6ns ts 
10 ns tpp 
110-MHz state machine 


— 15-ns commercial, industrial, and military versions 
—25-ns commercial, industrial, and military versions 
High reliability 

— Proven Flash EPROM technology 

— 100% programming and functional testing 


Functional Description 


The Cypress PALCE22V10 is a CMOS Flash Erasable sec- 
ond-generation programmable array logic device. It is imple- 
mented with the familiar sum-of-products (AND-OR) logic 
structure and the programmable macrocell. 


PROGRAMMABLE 
(132 X44) 
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Pin Configuration 
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PAL is a registered trademark of Advanced Micro Devices. 
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Generic Part Number 
PALCE22V10-5 


PALCE22V10-7 


PALCE22V 10-10 


PALCE22V 10-25 


Functional Description (continued) 


The PALCE22V 10 is executed in a 24-pin 300-mil molded DIP, 
a 300-mil cerDIP, a 28-lead square ceramic leadless chip car- 
rier, a 28-lead square plastic leaded chip carrier, and provides 
up to 22 inputs and 10 outputs. The PALCE22V10 can be elec- 
trically erased and reprogrammed. The programmable macro- 
cell provides the capability of defining the architecture of each 
output individually. Each of the 10 potential outputs may be 
specified as “registered” or “combinatorial” Polarity of each 
output may also be individually selected, allowing complete 
flexibility of output configuration. Further configurability is pro- 
vided through “array” configurable “output enable” for each po- 
tential output. This feature allows the 10 outputs to be recon- 
figured as inputs on an individual basis, or alternately used as 
a combination 1/O controlled by the programmable array. 


PALCE22V10 features a variable product term architecture. 
There are 5 pairs of product term sums beginning at 8 product 
terms per output and incrementing by 2 to 16 product terms 
per output. By providing this variable structure, the PALCE 
22V 10 is optimized to the configurations found in a majority of 
applications without creating devices that burden the product 
term structures with unusable product terms and lower perfor- 
mance. 


Additional features of the Cypress PALCE22V10 include a 
synchronous preset and an asynchronous reset product term. 
These product terms are common to all macrocells, eliminat- 
ing the need to dedicate standard product terms for initializa- 
tion functions. The device automatically resets upon power-up. 


The PALCE22V10, featuring programmable macrocells and 
variable product terms, provides a device with the flexibility to 
implement logic functions in the 500- to 800-gate-array com- 
plexity. Since each of the 10 output pins may be individually 
configured as inputs on a temporary or permanent basis, func- 


PALCE22V10 


ee 


Milind Milind 


ie ee 
ese! 
as 
ae 


7 
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tions requiring up to 21 inputs and only a single output and 
down to 12 inputs and 10 outputs are possible. The 10 poten- 
tial outputs are enabled using product terms. Any output pin 
may be permanently selected as an output or arbitrarily en- 
abled as an output and an input through the selective use of 
individual product terms associated with each output. Each of 
these outputs is achieved through an individual programmable 
macrocell. These macrocells are programmable to provide a 
combinatorial or registered inverting or non-inverting output. 
In a registered mode of operation, the output of the register is 
fed back into the array, providing current status information to 
the array. This information is available for establishing the next 
result in applications such as control state machines. In a com- 
binatorial configuration, the combinatorial output or, if the out- 
put is disabled, the signal present on the I/O pin is made avail- 
able to the array. The flexibility provided by both programmable 
product term control of the outputs and variable product terms 
allows a significant gain in functional density through the use 
of programmable logic. | 


Along with this increase in functional density, the Cypress 
PALCE22V 10 provides lower-power operation through the use 
of CMOS technology, and increased testability with Flash re- 
programmability. 7 


Configuration Table 


Registered/Combinatorial 
Configuration 


[0 | Redisteredacive LOW 
[| Revisteredactve HIGH 
[0 | Combinatoralactve LOW 
[1 | CombinatoratActve HIGH 


: 
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Maximum Ratings 


(Above which the useful life may be impaired. For user guide- 
lines, not tested.) 


Storage Temperature ........ ecsseeeeeeeeeeees —65°C to +150°C 
Ambient Temperature with 

Power Applied .............:ccsceccrecccssesssseeneeeeerees —55°C to +125°C 
Supply Voltage to Ground Potential 

(Pin 24 to Pin 12) .... eee eee eiveeeioleeehuncpins —0.5V to +7.0V 
DC Voltage Applied to Outputs | 

UV FHI 2 SUG i ivccciescseseadesccssaustinnnscheededinddeseds —0.5V to +7.0V 
DC Input Voltage..........eeccceceessseseteeteeeeeeenees —0.5V to +7.0V 
Output Current into Outputs (LOW) ..........ceeeeeeeeees 16 mA 
Note: 


1. Ty, is the “instant on” case temperature. 


mom eee 


PALCE22V10 


‘ | 


ee | 


OUTPUT 
SELECT 
MUX 


Be a ee aa oe ees Eben sees , CE22V10-4 

DC Programming Voltage ....-c.scsssscsssssessseessesseessesseeesee 12.5V 
Latch-Up: Cuirent siieicicsuccecetsrneetiercwmaraceeanisian! >200 mA 
Static Discharge Voltage 

(per MIL-STD-883, Method 3015) ...........:eeeseseeeeeee >2001V 


Operating Range 


40°C to +85°0 
Military!" ~55°C to +125°C 5V +10% 
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Wai: 
CX 
< 
UO 
TU 
Fo 
wn 
oe 


Vou Output HIGH Voltage Voc = Min., loy =-3.2 mA 2.4 V 


VoL Output LOW Voltage Voc = Min., 0.5 
ar Ts GH Lava | Guaranteed rp Leica FIGH Voage A np" 20 


8 8 
ro) 
S13 S/o )s) Soho Sais 


—_ 
io) 
© 


Standby Power Supply Vec = Max., 10, 15, 25 ns ‘Comt  f 
oe pine oe 575ns | 
Outputs Open in 2 CO ms ar, 130 
Unprogrammed 15, 25 ns Mil/Ind FE ad 120 
eee tons FT 120 
Operating Power Supply Voc = Max., Vii = =| 10, 15, 25 ns }Coml | ss 110 
on OutpifOpen, De. [=75ns__—«([Comi | 140 
Output Open, De- 
vice Programmed | 15, 25 ns Mil/Ind a 130 


as a 10-Bit 10 ns Mil/Ind 130 | mA 
Counter, 
f = 25 MHz 

Capacitance! 


TestConaitions |Win | _-Max[ Unit 
input Capacitance Vu=20v@f=twHe [| 
Ouiput Capacitance | Vour=20V@t=1MHz [| ‘| __10| Fr _ 


Endurance Characteristics! 


Teat Condens |Win. | Wax [Unit 
ANE, oa Minimum Reprogramming Cycles Normal Programming Conditions | 100 | = = | Cycles 


Notes: 

See the last page of this specification for Group A subgroup testing information. 

These are absolute values with respect to device ground. All overshoots due to system or tester noise are included. 

Vii (Min.) is equal to -3.0V for pulse durations less than 20 ns. 

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyr = 0.5V has been chosen to avoid test problems 


caused by tester ground degradation. 
Tested initially and after any design or process changes that may affect these parameters. 


oe ia 
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see S CYPRESS 
AC Test Loads and Waveforms 
R1238Q R1238.Q 
(319Q MIL) (319Q MIL) 
5V 5V 
OUTPU OUTPUT | OUTPUT O— 
. R2170Q R2170Q. 750 
er (236Q MIL) 5 pF (236Q MIL) CL Mi 
INCLUDING ull INCLUDING aa I 
= = JIG AND = = = = 
SCOPE SCOPE 
(a) ¢ (b) (c) 
| ALL INPUT PULSES 
3.0V 
GND 
<2ns . <2ns 
CE22V10—5 
| (d) 
Equivalent to: THEVENIN EQUIVALENT(Commercial) . Equivalent to: THEVENIN EQUIVALENT(Military) 
— 99Q | 136Q 
OUTPUT O———~W——O__2.08V=V the eee OUTPUT O———~ww——O-—-2.13V=V thm CE22V10-7 


Load Speed 


5,7.5,10,15,25 |50pF | PDIP CDIP, 
ns PLCC, LCC 


Output Waveform Measurement Level 


: X 


tEA (+) OV 


-) 


(e) Test Waveforms 
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Commercial Switching Characteristics PALCE22V1027! 


22V10-5 22V10-7 22V10-10 22V10-15 22V10-25 
Parameter Description | Min. | Min. | 


Input to Output 3 5 3 
Propagation Delay'®! 
Input to Output Lt - 


on 
oH 
neal 


55.5 


Enable Delay! 


Input to Output 
Disable Delay!"4 


t 

t 

| ol 
t Clock to Output Delay Poe tl 
t Input or Feedback Set-Up Time 
| eal ll 
t et 
t ) 
t 

t 

f 


ro) Synchronous Preset Set-Up 4 
Time 
F 
W 
R 
P 


NO 


4 


— 
>) 


oa 
ad 
a 
[External ck Period icon) | 7 | 
[Cox wanHIGH® fas | 
[Clock wich Lowel [28 | 


fax External Maximum 143 


76.9 
Frequency (1/(teo + ts)" 


MAX2 Data Path Maximum Frequency | 200 
(1/(tw + tw) 


— 


N 


Ww 
fMax3 Internal Feedback Maximum 181 
Frequency (1/(to¢ + tg)" 
tc Register Clock to 2.5 
Feedback Input!®14] 
Asynchronous Reset Width ei | 
ta Asynchronous Reset 4 
Recovery Time 
A Asynchronous Reset to 7.5 
Registered Output Delay 
tspr Synchronous Preset 4 
Recovery Time 


Power-Up Reset Time!®5] 


Notes: 
7. Part (a) of AC Test Loads and Waveforms is used for all parameters except ter and tea(,). Part (b) of AC Test Loads and Waveforms is used for te. Part (c) of AC Test 
Loads and Waveforms is used for tea(4). 
8. Min. times are tested initially and alee any design or process changes that may affect these parameters. 
9. The test load of part (a) of AC Test Loads and Waveforms is used for measuring te,:). The test load of part (c) of AC Test Loads and Waveforms is used for measuring 
teas) Only. Please see part (e) of AC Test Loads and Waveforms for enable and disable test waveforms and measurement reference levels. 
10. This parameter is measured as the time after output disable input that the previous output data state remains stable on the output. This delay is measured to 
the point at which a previous HIGH level has fallen to 0.5 volts below Vo, min. or a previous LOW level has risen to 0.5 volts above Vo, max. Please see part (e) of AC 
Test Loads and Waveforms for enable and disable test waveforms and measurement reference levels. 
11. This specification indicates the guaranteed maximum frequency at which a state machine configuration with external feedback can operate. 
12. This specification indicates the guaranteed maximum frequency at which the device can operate in data path mode. 
13. This specification indicates the guaranteed maximum frequency at which a state machine configuration with internal only feedback can operate. 
14. This parameter is calculated from the clock period at fra, internal (1/\yax3) as measured (See Note above) minus ts. 
15. The registers in the PALCE22V10 have been designed with the capability to reset during system power-up. Following power-up, all registers will be reset to a 
logic LOW state. The output state will depend on the polarity of the output buffer. This feature is useful in establishing state machine initialization. To insure 
proper operation, the rise in Vcc must be monotonic and the timing constraints depicted in Power-Up Reset Waveform must be satisfied 
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Military and Industrial Switching Characteristics PALCE22V102”1 


'  22V10-10 22V10-15 
Input to Output 
Propagation Delay!) 


22V10-25 


3 1 


Oo 


1 
1 


Clock to Output Delay! 2 7 
Input or Feedback Set-Up Time 
tso Synchronous Preset Set-Up 7 
Time 


| Input Hota Time 
ftp External Clock Period (tco + ts) 12 
Clock Width HIGHS! 3 
Clock Width LOW! 3 
42 


fax External Maximum Frequency 76.9 
(too + tg)) 4 
fMaxo: Data Path Maximum Frequency | _ 1 
(1/(tw + tw)?! 
fiMax3 Internal Feedback Maximum 111 
Frequency (1/(tof + tg))/%19) 
tor Register Clock to 
Feedback Input!®14] 


Asynchronous Reset Width 
tar Asynchronous Reset 
Recovery Time 
tap Asynchronous Reset to 
Registered Output Delay 
tspr Synchronous Preset 
Recovery Time 


tre Power-Up Reset Time!®:! 


© 


oO) foe) Ql 

wh | wok GO oO No =—|—/ np 

Mp} o . . , Oo oO; © Oo 
© oO Oo 
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Switching Waveforms 
REGISTERED v TV 
ACK SD 01> Gn Gi 
- ~ 


FEEDB 
SYNCHRONOUS 
PRESET 


CP 


po NCHEONOUS 
A 
REGISTERED VAY, 4 
OUTPUTS Ce, a a x ("3k : 
9 
ae 
K____—~""$-& 
/\/\ A 1H NA 
CE22V10-8 


COMBINATORIAL 
OUTPUTS 


Power-Up Reset Waveform!"®! 


POWER 
SUPPLY VOLTAG t 
PR 
REGISTERED VY \Z4 \4% xx V4 VA 
es XXX KKX 
K : 
Ns 
tpR MAX= 1 us twee 
CE22V10-9 


CLOCK 
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Ordering Information 


Operating 
ange 


Commercial 


Package Type 
24-Lead (300 MIL) Molded DIP 
28-Lead Plastic Leaded Chip Carrier 
28-Lead Plastic Leaded Chip Carrier 
24-Lead (300-Mil) Molded DIP 
28-Lead Plastic Leaded Chip Carrier 
24-Lead (300-Mil) Molded DIP 


Commercial 


5 5 PALCE22V10-7JC Commercial 


PALCE22V10-7PC 


|” Fimccesaretose — 
7 28-Lead Plastic Leaded Chip Carrier 
OT nea — 24-Lead (300-Mil) Molded DIP 
( 


| Je 
eae 
ea 
Ean 
Lae 
| P13 
150 | 10 7 |PALCE22V10-10DMB_ ss |_—siD14_s 24-Lead (300-Mil) CerDIP 
oo |” Fieensiens — | K73 24-Lead Rectangular Cerpack 
| 64 
Le! 
Paes 
| 64 
see 
| DI4 
| K73 
| 64 
| PIs 


PI 


Commercial 


Industrial 


Military 


28-Square Leadless Chip Carrier 
15 7.5 10 28-Lead Plastic Leaded Chip Carrier 
LS 24-Lead (300-Mil) Molded DIP 
5 | 10 | PALCE22V10-15ul 
|” freezer — 


Commercial 


28-Lead Plastic Leaded Chip Carrier Industrial 
24-Lead (300-Mil) Molded DIP 
24-Lead (300-Mil) CerDIP Military 
24-Lead Rectangular Cerpack 
28-Square Leadless Chip Carrier 
28-Lead Plastic Leaded Chip Carrier 


24-Lead (300-Mil) Molded DIP 


PALCE22V10-15KMB 
PALCE22V10-15LMB 


25 15 15 | PALCE22V10-25JC 
PALCE22V10-25PC 


PALCE22V10-15DMB 


Commercial 


Industrial 


15. | PALCE22V10-25JI | S64 28-Lead Plastic Leaded Chip Carrier 
PALCE22V10-25PI Paes 24-Lead (300-Mil) Molded DIP 
PALCE22V10-25DMB | D14 | 24-Lead (300-Mil) CerDIP 


P 

J 

J 

P 
D 
K 
P 
J 
P 
D 
K 
J 
P 
J 
P 
D Military 
K 


PALCE22V10-25KMB | K73 24-Lead Rectangular Cerpack 
PALCE22V10-25LMB } 164 28-Square Leadless Chip Carrier 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


13 
64 
64 

3 

J64 
13 

J64 

P13 
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J64 
13 
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L64 
64 
13 
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14 
73 
L64 


Switching Characteristics 


DC Characteristics 


Subgroups 
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This is an abbreviated datasheet. Contact a Fale: 8008 


Cypress representative for complete specifications. 
For new designs, please refer to the PALCE22V10. 


——— : | PALC22V10 
Reprogrammable CMOS PAL® Device 


Features a ¢ 20, 25, 35 ns commercial and industrial 
oe | ; ¢ 25, 30, 40 ns military 
« Advanced second-generation PAL architecture - Up to 22 input terms and 10 outputs 
* Low power - High reliability 
—55 mA max. “L —Proven EPROM technology 
ee mA max. standard — 100% programming and functional testing 
— 120 mA max. military ¢ Windowed DIP, windowed LCC, DIP, LCC, and PLCC 
¢ CMOS EPROM technology for reprogrammability available 
= -vatlanie productterms - Functional Description 
— 2 x (8 through 16) product terms 
- User-programmable macrocell | The Cypress PALC22V10 is a CMOS second-generation pro- 


as ‘ grammable logic array device. It is implemented with the fa- 
Output polarity control miliar sum-of-products (AND-OR) logic structure and a new 
— Individually selectable for registered or concept, the “programmable macrocell.” 
combinatorial operation 


Logic Block Diagram (PDIP/CDIP) 


PROGRAMMABLE 
AND ARRAY 
(132 X 44) 


cs 
FEFEELPEFE 


VOg VO. ~ ~ 


Pin Configuration | -.  LOC/PLCC 
Top View 


iti 
43 2ii 282726 


12131415161718 


PAL is a registered trademark of Advanced Micro Devices. 
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Functional Description (continued) 


The PALC22V10 is available in 24-pin 300-mil molded DIPs, 
300-mil windowed cerDIPs, 28-lead square ceramic leadless 
chip carriers, 28-lead square plastic leaded chip carriers, and 
provides up to 22 inputs and 10 outputs. When the windowed 
cerDIP is exposed to UV light, the 22V10 is erased and can 
then be reprogrammed. The programmable macrocell pro- 
vides the capability of defining the architecture of each output 


Document #: 38-00020-H 


PALC22V10 


individually. Each of the 10 potential outputs may be specified 
as registered or combinatorial. Polarity of each output may 
also be individually selected, allowing complete flexibility of 
output configuration. Further configurability is provided 
through array-configurable output enable for each potential 
output. This feature allows the 10 outputs to be reconfigured 
as inputs on an individual basis, or alternately used as a com- 
bination I/O controlled by the programmable array. 
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This is an abbreviated datasheet. Contact a 
Cypress representative for complete specifications. 
For new designs, please refer to the PALCE22V10. 


Features 


« Advanced second géneration PAL architecture 
¢ Low power 
— 90 mA max. standard 
— 100 mA max. military 
¢ CMOS EPROM technology for reprogrammability 
¢ Variable product terms 
— 2x (8 through 16) product terms 
« User-programmable macrocell 
— Output polarity control 


— Individually selectable for registered or combinato- 
rial operation 


— 15 ns commercial and industrial 


— 15 ns and “20 ns” military 
10/15 ns tco 


10/17 ns ts 
15/20 ns tpp 
50/31 MHz 
¢ Up to 22 input terms and 10 outputs 


Logic Block Diagram (PDIP/CDIP) 


\Es 1 


fax id: 6006 


PALC22V10B 


Reprogrammable CMOS PAL® Device 


¢ Enhanced test features 

— Phantom array 

—Top test 

— Bottom test 

— Preload 

High reliability | 

— Proven EPROM technology 

— 100% programming and functional testing 
Ma DIP, windowed LCC, DIP, LCC, PLCC avail- 


Functional Description 


The Cypress PALC22V10B is a CMOS second-generation 
programmable logic array device. It is implemented with the 
familiar sum-of-products (AND-OR) logic structure and a new 
concept, the “Programmable Macrocell.” 


The PALC22V10B is executed in a 24-pin 300-mil molded DIP, 
a 300-mil windowed cerDIP, a 28-lead square ceramic lead- 
less chip carrier, a 28-lead square plastic leaded chip carrier, 
and provides up to 22 inputs and 10 outputs. When the win- 
dowed cerDIP is exposed to UV light, the 22V10B is erased 
and can then be reprogrammed. The programmable macro- 
cell provides the capability of defining the architecture of each 
output individually. Each of the 10 potential outputs may be 
specified as “registered” or “combinatorial.” Polarity of each 
output may also be individually 


PROGRAMMABLE 


ANDARRAY 


(132X 44) 


ge 
ETE 
Far; Pe Fair rete iia air Fag ale | rae a 


PAL is a registered trademark of Advanced Micro Devices. 
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_PALC22V10D 


Flash Erasable, Reprogrammable 


Features 


« Advanced second-generation PAL architecture 

« Low power 

— 90 mA max. commercial (10 ns) 

— 130 mA max. commercial (7.5 ns) 

CMOS Flash EPROM technology for electrical erasabil- 
ity and reprogrammability 

Variable product terms 

— 2 x(8 through 16) product terms 
User-programmable macrocell 

— Output polarity control 


— Individually selectable for registered or combinato- 
rial operation 


Up to 22 input terms and 10 outputs 
DIP, LCC, and PLCC available 
— 7.5 ns commercial version 


133-MHz state machine 


—10 ns military and industrial versions 
6 ns tco 
6ns ts 
10 ns tpp 
110-MHz state machine 

— 15-ns commercial and military 
versions 

— 25-ns commercial and military 
versions 

High reliability 

— Proven Flash EPROM technology 

¢ 100% programming and functional testing 


Functional Description 


The Cypress PALC22V10D is a CMOS Flash Erasable sec- 
ond-generation programmable array logic device. It is imple- 
mented with the familiar sum-of-products (AND-OR) logic 
structure and the programmable macrocell. 


The PALC22V 10D is executed in a 24-pin 300-mil molded DIP, 
a 300-mil cerDIP, a 28-lead square ceramic leadless chip car- 
rier, a 28-lead square plastic leaded chip carrier, and provides 
up to 22 inputs and 10 outputs. The 22V10D can be electrically 
erased and reprogrammed. The programmable macrocell pro- 
vides the capability of defining the architecture of each output 
individually. Each of the 10 potential outputs may be specified 


PAL is a registered trademark of Advanced Micro Devices 


CMOS PAL® Device 


as “registered” or “combinatorial.” Polarity of each output may 
also be individually selected, allowing complete flexibility of 
output configuration. Further configurability is provided 
through “array” configurable “output enable” for each potential 
output. This feature allows the 10 outputs to be reconfigured 
as inputs on an individual basis, or alternately used as a com- 
bination I/O controlled by the programmable array. 


PALC22V10D features a variable product term architecture. 
There are 5 pairs of product term sums beginning at 8 product 
terms per output and incrementing by 2 to 16 product terms 
per output. By providing this variable structure, the PAL C 
22V10D is optimized to the configurations found in a majority 
of applications without creating devices that burden the prod- 
uct term structures with unusable product terms and lower per- 
formance. 


Additional features of the Cypress PALC22V10D include a 
synchronous preset and an asynchronous reset product term. 
These product terms are common to all macrocells, eliminat- 
ing the need to dedicate standard product terms for initializa- 
tion functions. The device automatically resets upon power-up. 


The PALC22V10D, featuring programmable macrocells and 
variable product terms, provides a device with the flexibility to 
implement logic functions in the 500- to 800-gate-array com- 
plexity. Since each of the 10 output pins may be individually 
configured as inputs on a temporary or permanent basis, func- 
tions requiring up to 21 inputs and only a single output and 
down to 12 inputs and 10 outputs are possible. The 10 poten- 
tial outputs are enabled using product terms. Any output pin 
may be permanently selected as an output or arbitrarily en- 
abled as an output and an input through the selective use of 
individual product terms associated with each output. Each of 
these outputs is achieved through an individual programmable 
macrocell. These macrocells are programmable to provide a 
combinatorial or registered inverting or non-inverting output. 
In a registered mode of operation, the output of the register is 
fed back into the array, providing current status information to 
the array. This information is available for establishing the next 
result in applications such as control state machines. In a com- 
binatorial configuration, the combinatorial output or, if the out- 
put is disabled, the signal present on the I/O pin is made avail- 
able to the array. The flexibility provided by both programmable 
product term control of the outputs and variable product terms 
allows a significant gain in functional density through the use 
of programmable logic. . 


Along with this increase in functional density, the Cypress 
PALC22V 10D provides lower-power operation through the use 
of CMOS technology, and increased testability with Flash re- 
programmability. 
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Pin Configuration 


— 
SS: . 
Logic Block Diagram (PDIP/CDIP) 
I | 
HM KR RK KY 
PROGRAMMABLE 
AND ARRAY 
(132 X 44) 
a a a 
an an an an an a8 Be 
Par Macrocell ia wing Macrocell 
12131415161718 
oO 
Gon a Configuration Table 
onfiguration Table 
g Registered/Combinatorial 
os aaa aletac la 
Configuration | 0 | Combinatorial/Active LOW 
Registered/Active LOW Combinatorial/Active HIGH 
Registered/Active HIGH 


Vs 
6 Bi 
as es ae iS es (See (eae: 
bo Ve We Vv. 6 We 
tM OK RO} ! 
To am 
Macrocell il gl saa ioe ig) Ba et 
ely Ee cll ae 
16. 17 | +8 | +9 | 20 jar] ze] 
PLCC 
Top View 
a eee 
eee ee 
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Macrocell 


mmm mmm mw mw tee 


INPUT/ 
FEEDBAC 
MUX 


C 
Co 
MACROCELL ipa 
Maximum Ratings 
(Above which the useful life may be impaired. For user guide- Match-Up Guire mt cscsvet sceeucavsconeeatestant dene tectescemeaduenes >200 mA 
lines, not tested.) Static Discharge Voltage 
Storage TEMperature ......... ccc ccceseeseeeeeeees —65°C to +150°C (per MIL-STD-883, Method 3015) ............:::csseseeeeeees >2001V 
Ambient Temperature with ; 
-55°C to+125°C + Operating Range 


Power Applied .............cccccscssscssesssresseeesesseeeeee 
Supply Voltage to Ground Potential Ambient 
(Pin 24 to Pin 12)........cccsccsccsccessccssssessccsseseesses —0.5V to +7.0V Range Temperature 

0°C to +75°C 


DC Voltage Applied to Outputs 


WLI Z: State wiscsiatssncssencaiattivenuyssaesiontgscoraeneete -0.5V to +7.0V 55°C to +125°C 
DC Input Voltage... ccccccessseeeesessssseaeenenes -0.5V to +7.0V 

Output Current into Outputs (LOW) ............. ee eeeseeeeees 16 mA ‘ 

DC Programming Voltage ..........-+.. ree ee 12.5V 1. Ta Is the “instant on” case temperature. 
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Electrical Characteristics Over the Operating Range!! 


[Prameter| —Descipuon—__[______TesCaralans [win [wax 
Output HIGH Voltage Voc = Min., 
Output LOW Voltage Voc = Min., lo. = 16 mA 0.5 


Vou 

VoL 

Input HIGH Level Guaranteed Input Logical HIGH Voltage for All Inputs 
Vite 

ix 

loz 

Isc 


= PALC22V10D 


< 


Input LOW Level Guaranteed Input Logical LOW Voltage for All Inputs -0.5 } 08 | Vv | 
Input Leakage Current Vss < Vin < Veo Vec = Max. 


Output Leakage Current Voc = Max., Vss < Vout < Vcc 


2.4 
0, 75,2508 [eon 
rem feomt || 00 | ma 
oat 
eed 
ane 
a 


Voc = Max., 
Vin = GND, 

Outputs Open in 
Unprogrammed 

Device 


Standby Power Supply 
Current 


E 
ro) 
B 

> 


15, 25 ns Mil/Ind 


Capacitance! 


Voc = Max., 
ViL = OV, Vin = 3V, 
Output Open, De- 
vice Programmed 
as a 10-Bit Counter, 
f = 25 MHz 


Operating Power Supply 


ns 
ns 
Current 
ns 


7.5 


Input Capacitance Vin = 2.0V @ f= 1 MHz 
Output Capacitance Vout = 2.0V @ f = 1 MHz 


Endurance Characteristics ®! 


Test Condiions [Win | Wax_[ Unit 
Minimum Reprogramming Cycles Normal Programming Conditions 100 | 


Notes: 

See the last page of this specification for Group A subgroup testing information. 

These are absolute values with respect to device ground. All overshoots due to system or tester noise are included. 

Vii (Min.) is equal to -3.0V for pulse durations less than 20 ns. ‘ 

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voy = 0.5V has been chosen to avoid test problems 


caused by tester ground degradation. 
Tested initially and after any design or process changes that may affect these parameters. 
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==7 CYPRESS 
AC Test Loads and Waveforms 
R1238Q ~R1238Q 
(319Q MIL) (319Q MIL) 
5V 5V 
OUTPU OUTPUT OUTPUT 
, R2170Q R2170Q 750Q 
(236Q MIL) 5 pF (236Q MIL) CL on 
INCLUDING Hie INCLUDING al L 
JIG AND = = | JIG AND = = = = 
SCOPE SCOPE 
(a) | (b) (c) 
ALL INPUT PULSES 
3.0V 
GND 
<2ns <2ns 
(d) V1i0D-—5 
Equivalent to: THEVENIN EQUIVALENT(Military) 
136Q 
V10D-—7 


Equivalent to: THEVENIN EQUIVALENT(Commercial) 
99Q, 
OUTPUT O——wws 9... 2.08V=V inc OUTPUT O————wnw——92.13V=V thm 
V10D-6 


toad Speed 


7.5, 10, 15,25 | 50 pF PDIP, CDIP, 
ns PLCC, LCC 
Output Waveform Measurement Level 


(e) Test Waveforms 
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Commercial Switching Characteristics PALC22V10D? 7 


22V10D-7 22V10D-10 
Input to Output 
= | Propagation Delay'®: 9] 


Input to Output Disable Delay 
Clock to Output Delay’ © 


22V10D-15 


22V10D-25 


re 


o1 


Input or Feedback Set-Up Time 

Synchronous Preset Set-Up Time 

Input Hold Time 

External Clock Period (tgg + ts) 

Clock Width HIGH® 
Ww 
R 
P 
R 


ee) a} a 


=a}; 
|} © 


oO 
NM wt | ak 


fax External Maximum Frequency 
(W/(tgg + tg) "1 


MAX2 Data Path Maximum Frequency 166 
(ty + ty) 94 

fMax3 Internal Feedback Maximum 
Frequency (1/(tog + tg)! 14) 


Register Clock to 
Feedback Input! 15] 
Asynchronous Reset Width 


Asynchronous Reset Recovery 5 
Time 
Asynchronous Reset to 
Registered Output Delay 

tspr Synchronous Preset Recovery 
Time 


Power-Up Reset Time!" 1 


Notes: 
7. Part (a) of AC Test Loads and Waveforms is used for all parameters except ter and tea(4). Part (b) of AC Test Loads and Waveforms is used for ter. Part (c) of AC Test 
Loads and Waveforms is used for tea(4). 
. Min. times are tested initially and Stik any design or process changes that may affect these parameters. 
9. This specification is guaranteed for all device outputs changing state in a given access cycle. 
10. The test load of part (a) of AC Test Loads and Waveforms is used for measuring tE,:.). The test load of part (c) of AC Test Loads and Waveforms is used for measuring 
tea(4) Only. Please see part (e) of AC Test Loads and Waveforms for enable and disable test waveforms and measurement reference levels. 
11. This parameter is measured as the time after output disable input that the previous output data state remains stable on the output. This delay is measured to 
the point at which a previous HIGH level has fallen to 0.5 volts below Vo}, min. or a previous LOW level has risen to 0.5 volts above Va, max. Please see part (e) of AC 
Test Loads and Waveforms for enable and disable test waveforms and measurement reference levels. 
12. This specification indicates the guaranteed maximum frequency at which a state machine configuration with external feedback can operate. 
13. This specification indicates the guaranteed maximum frequency at which the device can operate in data path mode. 
14. This specification indicates the guaranteed maximum frequency at which a state machine configuration with internal only feedback can operate. 
15. This parameter is calculated from the clock period at fryax internal (1/iyax3) as Measured (see Note above) minus tgs. 
16. The registers in the PALC22V10D have been designed with the capability to reset during system power-up. Following power-up, all registers will be reset to a 
logic LOW state. The output state will depend on the polarity of the output buffer. This feature is useful in establishing state machine initialization. To insure 
proper operation, the rise in Voc must be monotonic and the timing constraints depicted in Power-Up Reset Waveform must be satisfied. 
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Military and Industrial Switching Characteristics PALC22V10D2 71 


a 22V10D-10 22V10D-15 
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Propagation Delay'®: 9 
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22V10D-25 


Description 
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N NM} Mi. 
oO Qi Oo or} O1 o1 


1 
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3 
Synchronous Preset SetUp Time| 7 
External Cook Period (op ig) _| 
Clock wrath HIGHT 
Clock Wrath Lower | ~s 


fax External Maximum Frequency — 76.9 
(1/(tco + tg) "7! 

fax Data Path Maximum Frequency 142 
(1/(twr + ty)! 19 

fraxs Internal Feedback Maximum 111 
Frequency (1/(to¢ + tg) "41 

tor Register Clock to 
Feedback Input!®.15] 


taw Asynchronous Reset Width . 


tar Asynchronous Reset 
Recovery Time 


tap Asynchronous Reset to 
Registered Output Delay 


ispr Synchronous Preset 
Recovery Time 


Power-Up Reset Time’™ °° 
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PALC22V10D 
Switching Waveform 


INPUTS I/O, 
REGISTERED 
FEEDBACK 
SYNCHRONOUS 
PRESET 


CP 


ASYNCHRONOUS 
RESET 


REGISTERED I 


Famke 


OUTPUTS IN/N 
tpp teAl'1) teal] 
conor OK 
OUTPUTS | L/L Qk 
V10D-12 
Power-Up Reset Waveform!'® 
= Vec 
POWER 10%, /| 90% 
SUPPLY VOLTAG i 
PR 
REGISTERED 
ACTIVE LOW —- LODO 
OUTPUTS 
cL06k [7 
tpR MAX= 1 us twe V10D-13 
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Ordering Information 


t Package Operating 
ns) Ordering Code Name Package Type Range 

5 | PALC22V10D-7JC 28-Lead Plastic Leaded Chip Carrier Commercial 
PALC22V10D-7PC 24-Lead (300-Mil) Molded DIP 
PALC22V10D-10JC 28-Lead Plastic Leaded Chip Carrier Commercial 
PALC22V10D-10PC 24-Lead (300-Mil) Molded DIP 
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PALC22V10D-10ul 28-Lead Plastic Leaded Chip Carrier Industrial 
PALC22V10D-10P! 24-Lead (300-Mil) Molded DIP ~ 
24-Lead (300-Mil) CerDIP Military 


7 | PALC22V10D-10DMB 
PALC22V10D-10KMB 
PALC22V10D-10LMB 


PALC22V10D-15uC Commercial 
PALC2BV100-15PC 
PALC22V10D-15ul Industrial 
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PALC22V10D-15PI 24-Lead (300-Mil) Molded DIP 
0 | PALC22V10D-15DMB 24-Lead (300-Mil) CerDIP 
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PALC22V10D-15KMB 24-Lead Rectangular Cerpack 


PALC22V10D-15LMB 


15 | PALC22V10D-25JC 
PALC22V10D-25PC 
PALC22V10D-25ul 
PALC22V10D-25PI 


15 | PALC22V10D-25DMB 


28-Lead Plastic Leaded Chip Carrier Commercial 
24-Lead (300-Mil) Molded DIP 
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28-Lead Plastic Leaded Chip Carrier Industrial 
24-Lead (300-Mil) Molded DIP 
24-Lead (300-Mil) CerDIP Military 
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28-Square Leadless Chip Carrier 


PALC22V10D-25KMB 
PALC22V10D-25LMB 
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Group A Subgroup Testing 
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Switching Characteristics 
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——— oo CY7C330 
| CMOS Pagaaneaee Synchronous State Machine 


Features ge | _ « 66-MHz operation | 
—3-ns input set-up and 12-n clock to output 
¢ Twelve I/O macrocells each having: P P P 


s ; ae cts = | 
— registered, three-state I/O pins 15-ns input register c a te register clock 


¢ Low power 
— input register clock select multiplexer 130 mA | 

= cc 
—feed back multiplexer ¢ 28-pin, 300-mil DI 
—output enable (OE) multiplexer - Erasable and yr mable 
Ali twelve macrocell state registers can be hidden : ran 


iption 


User-configurable state registers—JK, RS, T, or D Function 
One input multiplexer per pair of I/O macrocells allows The ah 


onan ; 
I/O pin associated with a hidden macrocell state regis- ble, logic pS as aaa ti aig ay pee 


pias — tae sii ices mizef@fo enable the user to easily and efficiently construct very 
Four dedicated hidden registers hi 


Eleven dedicated, registered inputs 
y 


ormance synchronous state machines. 


nique architecture of the CY7C330, consisting of the us- 

nfigurable output macrocell, bidirectional I/O capability, 
inBut registers, and three separate clocks, enables the user to 
design high-performance state machines that can communi- 
cate either with each other or with microprocessors over bidi- 
rectional parallel buses of user-definable widths. 


Three separate clocks—two inputs, one output 


Common (pin 14-controlled) or product term-contro 
output enable for each I/O pin 
256 product terms—32 per pair of macrocells, v, 
distribution 


Global, synchronous, product term-controlfd, 
register set and reset—inputs to producit 
clocked by input clock 


Logic Block Diagram 
OEM10 


Ig 


BO pe eia om ARRAY 
58x6 


= i = : a = 


044 VOi0 


Selection Guide 


Maximum Operating Frequency, 


fax (Ma 


Power Supply Current log; (mA) Sommers 145 — 
tiery 
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CY7C331 


Asynchronous Registered EPLD 


Features 


Twelve I/O macrocells each having: 

— One state flip-flop with an XOR sum-of-products 
input 

— One feedback flip-flop with input coming from the 
/O pin 

— Independent (product term) set, reset, and clock in- 
puts on all registers 


— Asynchronous bypass capability on all registers un- 
der product term control (r = s = 1) 


— Global or local output enable on three-state I/O 

— Feedback from either register to the array 

Be product terms with variable distribution to macro- 
cells 

13 inputs, 12 feedback I/O pins, plus 6 shared I/O mac- 
rocell feedbacks for a total of 31 true and complemen- 
tary inputs 

High speed: 20 ns maximum tpp 

Security bit 

Space-saving 28-pin slim-line DIP package; also avail- 
able in 28-pin PLCC 


Logic Block Diagram 


OE/ 12 


- Low power 
— 90 mA typical Icc quiescent 
— 180 mA Icc maximum 
— UV-erasable and reprogrammable 
— Programming and operation 100% testable 


Functional Description 


The CY7C331 is the most versatile PLD available for asyn- 
chronous designs. Central resources include twelve full D-type 
flip-flops with separate set, reset, and clock capability. For in- 
creased utility, XOR gates are provided at the D-inputs and the 
product term allocation per flip-flop is variably distributed. 


I/O Resources 


Pins 1 through 7 and 9 through 14 serve as array inputs; pin 
14 may also be used as a global output enable for the |/O 
macrocell three-state outputs. Pins 15 through 20 and 23 
through 28 are connected to I/O macrocelils and may be man- 
aged as inputs or outputs depending on the configuration and 
the macrocell OE terms. 


PROGRAMMABLE AND ARRAY 
(192x62) 


rE 
a ae 


Voc /Os 04 VO3 VO. 0} 09 


VO14 1/049 Og /Og V/O7 7 


C331-1 
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loci (MA) 


Number Com 


CY7C331-20 
fecal 
ae 


Generic Part 


CY7C331—40 
I/O Resources (continued) 


It should be noted that there are two ground connections (pins 
8 and 21) which, together with Voc (pin 22) are located cen- 
trally on the package. The reason for this placement and du- 
al-ground structure is to minimize the ground-loop noise when 
the outputs are driving simultaneously into a heavy capacitive 
load. 

The CY7C331 has twelve I/O macrocells (see Figure 1). Each 
macrocell has two D-type flip-flops. One is fed from the array, 
and one from the I/O pin. For each flip-flop there are three 
dedicated product terms driving the R, S, and clock inputs, 
respectively. Each macrocell has one input to the array and for 
each pair of macrocells there is one shared input to the array. 
The macrocell input to the array may be configured to come 
from the ‘Q’ output of either flip-flop. ; 


Pin Configuration 


TopView 
of SS 


TO PIN 14 (INVERTED) 


OE PTERM 


eee (ioe; 
1S 
OUT SET PTERM * 
OUTPUT FLIP-FLOP Ta! 
S 
Pfs] J" Sol tobe —t210 Pn 
DQ 0 
OUT CLK PTERM |_| a 
aa T 
OUT RESET PTER 
 INCLK PTERM 
eee eineiemaeee | 
IN RESET PTERM “pa 
0 
XOR PTERM , J | 
OR PTERMS Ss O S 
0 QD ae 
dQB C 
TO INPUT BUFFER R 


INPUT FLIP-FLOP 


TO SHARED 
INPUT MUX 


C331-3 


TO PIN 14 (INVERTED) 
Figure 1. 1/O Macrocell 


2-74 


| 


ss > CYPRESS 


I/O Resources (continued) 
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The D-type flip-flop that is fed from the array (i.e., the state 
flip-flop) has a logical XOR function on its input that combines 
a single product term with a sum(OR) of a number of product 
terms. The single product term is used to set the polarity of the 
output or to implement toggling (by including the current output 
in the product term). 


The R and S inputs to the flip-flops override the current setting 
of the ‘Q’ output. The S input sets ‘Q’ true and the R input 
resets ‘Q’ (sets it false). If both R and S are asserted (true) at 
once, then the output will follow the input (‘Q’ = ‘D’) (see 
Table 1). 


Table 1. RS Truth Table 


Shared Input Multiplexer 


The input associated with each pair of macrocells may be con- 
figured by the shared input multiplexer to come from either 
macrocell; the ‘Q’ output of the flip-flop coming from the I/O pin 
is used as the input signal source (see Figure 2). 


Product Term Distribution 


The product terms are distributed to the macrocells such that 
32 product terms are distributed between two adjacent mac- 


rocells. 


The pairing of macrocells is the same as it is for the shared 
inputs. Eight of the product terms are used in each macrocell 
for set, reset, clock, output enable, and the upper part of the 
XOR gate. This leaves 16 product terms per pair of macrocells 
to be divided between the sum-of-products inputs to the two 
state registers. The following table shows the I/O pin pairing 
for shared inputs, and the product term (PT) allocation to mac- 
rocells associated with the I/O pins (see Table 2). 


Table 2. Product Term Distribution 


[—Wacrocell | Pin Number | Product Terms 
4 


28 
27 
26 
25 
24 
23 
20 
19 
18 
17 
16 
15 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 


CY7C331 


OUTPUT FROM 
LOGIC ARRAY 


aa 


MACROCELL A 


FEEDBACK TO 
LOGIC ARRAY 


Q- OUTPUT FROM 
INPUT REGISTEROF 
(0 MACROCELLA 


INPUT TO 
LOGIC ARRAY 


Q- OUTPUT FROM 
INPUT REGISTEROF 
Cc VO MACROCELLB 


3 
MACROCELL B 


Figure 2. Shared Input Multiplexer 


The CY7C331 is configured by three arrays of configuration 
bits (CO, C1, C2). For each macrocell, there is one CO bit and 
one C1 bit. For each pair of macrocells there is one C2 bit. 


There are twelve CO bits, one for each macrocell. If CO is pro- 
grammed for a macrocell, then the three-state enable (OE) will 
be controlled by pin 14 (the global OE). If CO is not pro- 
grammed, then the OE product term for that macrocell will be 
used. 


There are twelve C1 bits, one for each macrocell. The C1 bit 
selects inputs for the product term (PT) array from either the 
state register (if the bit is unprogrammed) or the input register 
(if the bit is programmed). 

There are six C2 bits, providing one C2 bit for each pair of 
macrocells. The C2 bit controls the shared input multiplexer; if 
the C2 bit is not programmed, then the input to the product 
term array comes from the upper macrocell (A). If the C2 bit is 
programmed, then the input comes from the lower macrocell 


OUTPUT FROM 
LOGIC ARRAY 


FEEDBACK TO 
LOGIC ARRAY 


C331—4 


©). 


The timing diagrams for the CY7C331 cover state register, in- 
put register, and various combinational delays. Since internal 
clocks are the outputs of product terms, all timing is from the 
transition of the inputs causing the clock transition. 
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Maximum Ratings | Static Discharge Voltage................cccceeee Mceeocs we >1500V 
(per MIL-STD-883, Method 3015) 

(Above which the useful life may be impaired. For user guide- Eaten-Up Gumentssiiicit ccceccets catosacchrtreeedncniens >200 mA 

lines, not tested.) Hee ey aN 

Storage Temperature ...........ccccssseeceeeeeeeeetees —65°C to +150°C Pee ee Fahey trae eat meee gery meer 

Ambient Temperature with Operating Range 


Power Applied ..............cscccccsssssseesesssseeeeeeeees ~—55°C to +125°C 


. Ambient 
Supply Voltage to Ground Potential ee 
(Pin 28 to Pin 8 OF 21) scccccsssecececsssssesseessseeceen ~0.5V to +7.0V Jrang? | __Aemperature Voc 
DC Input Voltage -3 OV to +7.0V Commercial 0°C to +70°C SV + 10% 
scape octaves Se deedear oe taneevommese aa - - 
Output Current into Outputs (LOW) ....cccsceeeeeeeees 12 mA Military! “55°C to +125°C SV + 10% 


Electrical Characteristics Over the Operating Range”! 


Output HIGH Voltage = | Voc = Min., Viy=Viyor Vy.” , 


loy = 3.2 mA (Com), lox =—2 mA (Mil) 


Vo Output LOW Voltage Vec = Min., Vin = Vin or Vit 
lot =12mA (Com’l), lot =8mA (Mil) 
| 
| 


© 
o 


L 
Input HIGH Voltage Guaranteed HIGH Input, all Inputs!) | 
Input LOW Voltage | Guaranteed LOW Input, all Inputs! 7 
Input Leakage Current Vss < Vin < Voc, Voc = Max. - 
Output Leakage Current | Vgs < Vout < Veco: Vec = Max. _ 


Isc Output Short Circuit Voc = Max., Voyt = 0.5VE! -3 


Current!4! | 
__| Standby Power Supply 
Current Gom'l —25 
Mil —25 


A} ofp No 


+ 
= 


B 
oO|o 
8 : 
aS 
oO 

Ele 


—_ 
Ww 
© 


Vec = Max., Vin = GND, 
Outputs Open 


as 
N 
io) 


— 
Oo) 
io) 


| | Mil -30, —40 
Power Sure Current at | Vcc = Max., Outputs Disabled Com’! 
Frequency! © (in High Z State) 


Device Operating at fiyax External (fax1) 


Capacitance! 


Test Conditions Max 


Notes: 

1. Ty, is the “instant on” case temperature. 

2. See the last page of this specification for Group A subgroup testing information. 

3. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 

4. Tested initially and after any design or process changes that may affect these parameters. 

5. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyr = 0.5V has been chosen to avoid 
test problems caused by tester ground degradation. 

6. Because these input signals are controlled by product terms, active input polarity may be of either polarity. Internal active input polarity has been shown for 
clarity. 
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AC Test Loads and Waveforms 


R1 3132 R1313Q . 
(4702 Mil) (4702 Mil) ALL INPUT PULSES 
5V 5V 3.07 ————— 
OUTPUT OUTPUT i 
R2 2082 R2 208 Q 6 
a i (3190 Mil) 5 pF oT: (3190 Mit) GND 
INCLUDING = —= INCLUDING = — < ons 
JIG AND JIG AND 
SCOPE SCOPE 
(a) (b) C331-5 C331-6 
to: THEVENIN EQUIVALENT (Commercial) Equivalent to: THEVENIN EQUIVALENT (Military) 
1252 1902 
Equivalent outpyuTO——ww——O_ 2.00V=V the OUTPUTO——ww—_ 2.02V=V thm - 
331-8 


C331-7 


Output Waveform—Measurement Level 
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Switching Characteristics Over the Operating Range?! 


Input to Output Propagation Delay! 

Input Register Clock to Output Delay! 

Output Data Stable Time from Input Clock! 

Input or Feedback Set-Up Time to Input Register Clock! 


Input Register Hold Time from Input Clock!®! 


Input to Input Register Asynchronous Reset Delay/®! 
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(c) Test Waveforms and Measurement Levels 


Commercial 
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Commercial 


Input and Output Clock Width HIGH: 9: 101 
Input and Output Clock Width LOWE: 9: 10] 


Maximum Frequency with Feedback in Input Registered Mode 
(1M(ticg + tg) 

Ico t is 
Maximum Frequency Data Path in Input Registered Mode (Lowest 
of T/tico, 1/(twH + tw.) or Its + t,)2 


Output Data Stable from Input Clock Minus Input Register Input 
Hold Time for 7C335!'2: 13] 


a/o/~pl pn ISS 
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Maximum Frequency Data Path in Output Registered Mode (Low- 
est of 1/t¢o, 1twy + tw), Or Vtg + t,))9 


Output Data Stable from Output Clock Minus Input 
Register Input Hold Time for 70335!" 18] 


@ [ee] 
Ss) oo 
al? ; 
— aa 
N N 
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7. Refer to Figure 3, configuration 1. 

8. Refer to Figure 3, configuration 2. 

9. Refer to Figure 3, configuration 3. 

10. Refer to Figure 3, configuration 6. 

11. Refer to Figure 3, configuration 7. 

12. Refer to Figure 3, configuration 9. 

13. This specification is intended to guarantee interface compatibility of the other members of the CY7C330 family with the CY7C331. This specification is met 
Me cece. Leste operating at the same ambient temperature and at the same power supply voltage. These parameters are tested periodically by sampling 
of production product. 

14. Part (a) of AC Test Loads and Waveforms used for all parameters except tpz ), tpxz), tpzx, and tpxz, which use part (b). Part (c) shows the test waveforms and 
measurement levels. 

15. Refer to Figure 3, configuration 4. 

16. Refer to Figure 3, configuration 8. 

17. This specification is intended to guarantee that a state machine configuration created with internal or external feedback can be operated with output register 
and input register clocks controlled by the same source. These parameters are tested by periodic sampling of production product. 
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Switching Characteristics Over the Operating Rangel! (continued) 


Military 
| 5 0 
Parameter Description 


ico lnput Register Giock to Output Delay 
ic | Outbut Data Stabe Time rom Input Gow 
ig nbut or Feedback Set-Up Tine o Input Register Goo] 6 _ 
ing ___ Input to Input Register Asynchronous Reset Dalay™®_[ 

Input RegisierReset Recovery Time! id 8 
ins np Input Register Asynchronous Set Belay! [ 
iv put and Output Clock With HighIBET 8 | 


Maximum ieaueney with Feedback in Input Registered | 20.0 
Mode (1/(tigg + tig)!" 


faxo Maximum frequency Data Path in Input Registered Mode | 22.2 
(Lowest of Thtico: 1twry + tw): or IK{tis + ti) l 


tion tyy33X Output Data Stable from Input Clock Minus Input Register na 
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Input Hold Time for 7C335!'2: 15] 


tco Output Register Clock to Output Delay"! ae 
ton Output Data Stable Time from Output Clock” 


Output Register Input Set-Up Time to Output Clock! 15 
Output Register Input Hold Time from Output Clock!! 


ican [Input to Output Register Asynctronous Reset Delay! | 
ions [Input to Output Register Asynchronous Set Delay | ——_ 
iow [OutputRegiserSetwati™ «dC 
ica [Input to Output Enable Detal@™T 

Inputto Output Disabie Dela 
ix [Pin 14t0 Output Enable Delay™™—— 


| 
PXZ Pin 14 to Output Disable Delay!"* 1 
fMax3 Maximum Frequency with Feedback in Output Registered 


a — 
NO 


N 
ol 


Com a 


Mode )1/(tco + tg)"® 71 


fMaxa Maximum Frequency Data Path in Output Registered 33.3 
Mode (Lowest of 1/tco, tyr + tw), Or tg + ty)! 


ton-ty33X Output Data Stable from Output Clock Minus Input Regis- 
ter Input Hold Time for 7C335!'3. 18] 


fans Maximum Frequency Pipelined Model!® 171 28.0 
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Note: 
18. Refer to Figure 3, configuration 10. 
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Switching Waveforms 


INPUTOR 
VO PIN ~~ Ga a 


“10 INPUT | 
REGISTE 
cLock!®! twH tw 
OUTPUT 
REGISTE Nhs 
cLock!®! 
Et : 


| OH 
KXXK [KX 
TP 
LE a a 2.< Sa KX 
; 3 tco 
ticd 19] [21] torr tosales! 
SET AND == tppl?1] torr tosrl2'l 
RESET : A 
INPUTSIE | K 
torr tosrlé2! . be 4 
C331-17 


OE PRODUCT 
TERM rapa 15] 


PIN 14 AS OE/@41 ; 


OUTPUT ter toaR 
REGISTER 7 
RESET INPUT|6.9] 


OUTPUT | | torw - 
CLOCKI6.9 | ot 
OUTPUT | em Poa 


REGISTER 
SET INPUTI6.9] 


VO INPUT 
REGISTER RESET 
INPUTI6.8] 


/O INPUT 
REGISTER 
CLocKl6.8] 


/O INPUT 
REGISTER 
SET INPUT [6.8] 


Notes: 
19. Output register is set in Transparent mode. Output register set and reset inputs are in a HIGH state. 


20. Dedicated input or input register set in Transparent mode. Input register set and reset inputs are in a HIGH state. 
21. Combinatorial Mode. Reset and set inputs of the input and output registers should remain in a HIGH state at least until the output responds at tpp. When 


returning set and reset inputs to a LOW state, one of these signals should go LOW a minimum of togpr (Set input) or torp (reset input) prior to the other. This guarantees 


predictable register states upon exit from Combinatorial mode. 
22. When entering the Combinatorial mode, input and output register set and reset inputs must be stable in a HIGH state a minimum of tigp OF ti_R and togr OF 


{ORR respectively prior to application of logic input signals. ‘ 

23. When returning to the input and/or output Registered mode, register set and reset inputs must be stable in a LOW state a minimum of tiga OF tiaR and togr 
or torr respectively prior to the application of the register clock input. 

24. Refer to Figure 3, configuration 5. 
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PRODUCT 
TERM 


CONFIGURATION 1 
V/O PIN 


INPUT OR I/O PIN 


CLOCK/S/R 
INPUT 


PRODUCT 
TERM 


UNREGISTERED 
INPUT OR I/O PIN |NPUT REGISTER 


CONFIGURATION 2 


OE V/O PIN 


I/O PIN ONLY 


OUTPUT REGISTER 


PRODUCT OE V/O PIN 


TERM 
ARRAY 


UNREGISTERED 
INPUT OR I/O PIN 


CONFIGURATION 3 
RESET 


CLOCK/S/R 


UNREGISTERED 
INPUT OR I/O PIN 


PRODUCT 
TERM 
ARRAY 


OUTPUT ENABLE 


CONFIGURATION 4 © sinpuTORI/O PIN 


V/O PIN 


OUTPUT ENABLE 


INPUT OR I/O PIN 
PRODUCT 


CONFIGURATION 5 
TERM 


INPUT OR I/O PIN i/O PIN 


INPUT REGISTER OUTPUT REGISTER 
VO PIN 


VO PIN ONLY 


OE DATA 
CLOCK OUTPUT 


PRODUCT 
TERM 
ARRAY 


DATA INPUT 


CONFIGURATION 6 UNREGISTERED 
INPUT OR I/O PIN 


CLOCK INPUT C331-19 


Figure 3. Timing Configurations 
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INPUT REGISTER 


DATA INPUT 


PRODUCT 
TERM 


NPUT 
REGISTER 


CONFIGURATION 7 


OUTPUT REGISTER 


PRODUCT 
TERM 


CONFIGURATION 8 


DATA OUTPUT 
C331-20 
331 INPUT 330 OR 332 
REGISTER INPUT REGISTER 
CONFIGURATION 9 Bi cord 
| ARRAY 
CLOCK 
331 OUTPUT 330 OR 332 
REGISTER INPUT REGISTER 
PRODUCT 
CONFIGURATION 10 TERM 
C331-21 


CLOCK 


Figure 3. Timing Configurations (continued) 
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CY7C331 Logic Diagram (Upper Half) 
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CY7C331 Logic Diagram (Lower Half) 
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cxtacne [P| mae | 
Ordering Code Name Package Type Range 
[ovrossi-20)0 | J64 | B6-Lead Plastic Leaded Chip Carrier 
fovrossi-20rC [Pat |26Lead (S00-Mi) Molded IP | 


H64 
J64 
P21 
160 | 25 | 15 | 25 28-Lead (300-Mil) CerDIP Military 
J64 
P21 
Ww22 
H64 
L64 


~~ 


CY7C331-25QMB 28-Pin Windowed Leadless Chip Carrier 
CY7C331-25TMB 28-Lead Windowed Cerpack : 
CY7C331—25WMB 28-Lead (300-Mil) Windowed CerDIP 


120 25 12 25 | CY7C331—25HC 28-Pin Windowed Leaded Chip Carrier Commercial 
CY7C331-25JC | J64 28-Lead Plastic Leaded Chip Carrier 


CY7C331-25PC | P21 | 28-Lead (300-Mil) Molded DIP 
28-Lead (300-Mil) Windowed CerDIP 


jevreasi-25wo [wee 
[Cv70381-s0RMB | H64 | 28-Pin Windowed Leaded Ghip Carter 
[ev7093i-G0LMB | _U64 _|28-Square Leadless Chip Carrer 
: 


CY7C331—40TMB 28-Lead Windowed Cerpack 
CY7C331-40WMB 28-Lead (300-Mil) Windowed CerDIP 
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Features 


¢ 100-MHz output registered operation 

¢ Twelve I/O macrocells, each having: 

— Registered, three-state I/O pins 

— Input and output register clock select multiplexer 
— Feed back multiplexer 

— Output enable (OE) multiplexer 

Bypass on input and output registers 

All twelve macrocell state registers can be hidden 


User configurable I/O macrocells to implement JK or 
RS flip-flops and T or D registers 

Input multiplexer per pair of I/O macrocells allows I/O 
pin associated with a hidden macrocell state register 
to be saved for use as an input 

Four dedicated hidden registers 


Twelve dedicated registered inputs with individually 
programmable bypass option 


Three separate clocks—two input clocks, two output 
clocks 

Common (pin 14-controlled) or product term-controlled 
output enable for each I/O pin 

256 product terms—32 per pair of macrocells, variable 
distribution 

Global, synchronous, product term-controlled, state 
register set and reset—inputs to product term are 
clocked by input clock 


Logic Block Diagram 


a ho Ig 


a a me 


fax id: 6018 


CY7C335 


Universal Synchronous EPLD 


— 2-ns input set-up and 9-ns output register clock to 
output 

— 10-ns input register clock to state register clock 

28-pin, 300-mil DIP, LCC, PLCC 

Erasable and reprogrammablie 

Programmable security bit 


Functional Description 


The CY7C335 is a high-performance, erasable, programma- 
ble logic device (EPLD) whose architecture has been opti- 
mized to enable the user to easily and efficiently construct very 
high performance state machines. 


The architecture of the CY7C335, consisting of the user-con- 
figurable output macrocell, bidirectional I/O capability, input 
registers, and three separate clocks, enables the user to de- 
sign high-performance state machines that can communicate 
either with each other or with microprocessors over bidirec- 
tional parallel buses of user-definable widths. 


The four clocks permit independent, synchronous state ma- 
chines to be synchronized to each other. 


The user-configurable macrocells enable the designer to des- 
ignate JK-, RS-, T-, or D-type devices so that the number of 
product terms required to implement the logic is minimized. 


The CY7C335 is available in a wide variety of packages includ- 
ing 28-pin, 300-mil plastic and ceramic DIPs, PLCCs, and 
LCCs. 


/CLK3 CLK1 


ed 


Ip/CLK2 


cory i : 


258x68 


eee sr AND ARRAY 


ke i i Ei aN i | 


i 


ELEM ECE 


044 O19 _ 1/Og V/O7 e Vss 


{ 


13 
WAL 


ray T hes 


iN Te 


He 


<J 


Voc V5 1/03 O05 7 YOo @gg5-4 


2-87 


Ta. 
a. 
SEL TTI 


OT ee 


Wy 


Pin Configurations | 


C335-3 


Selection Guide 


| CY7C335-83 CY7C335-66 CY7C335-50 
Maximum Operating | Commersal_[ 100 «| ~—=633—S—i«| = HSSCSTSCC(tiCS 
Feary We) bane [| 33] 68 2 
loon 140 140 
Isai iccen coenenaces Goes sem eee. ae 


Architecture Configuration Bits 


The architecture configuration bits are used to program the 
multiplexers. The function of the architecture bits is outlined in 
Table 1. 


Table 1. Architecture Configuration Bits 
Architecture | 
Configuration Bit Number of Bits 
Output Enable Controlled by Product Term 


Co Output Enable 12 Bits, 1 Per 
Select MUX /O0 Macrocell 1—Programmed | Output Enable Controlled by Pin 14 
Cc State Register 12 Bits, 1 Per 0—Virgin State State Register Output is Fed Back to Input Array 


Feed Back MUX I/O Macrocell 


I/O Macrocell 12 Bits, 1 Per 


Input Register I/O Macrocell 
a Select 1—Programmed ICLK2 Controls the Input Register I/O Macrocell 
Input Register Clock Input 


Input Register 
Bypass MUX— 
I/O Macrocell 


12 Bits, 1 Per 
I/O Macrocell 


0—Virgin State Selects Input to Feedback MUX from Input 
Register 


i—Programmed Selects Input to Feedback MUX from I/O pin 
0—Virgin State Selects Output from the State Register 


1—Programmed Selects Output from the Array, Bypassing the 
State Register 


State Clock MUX | 16 Bits, 1 Per I/O 0—Virgin State State Clock 1 Controls the State Register 
Macrocell and 1 Per 4" “Brogrammed __| State Clock 2 Controls the State Register 
| Hidden Macrocell | 


Output Register 
Bypass MUX 


12 Bits, 1 Per 
I/O Macrocell 
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Table 1. Architecture Configuration Bits (continued) 


Architecture 
Configuration Bit Number of Bits 


Dedicated Input 12 Bits, 1 Per 
Register Clock Dedicated Input 
Select MUX Cell 

Input Register 12 Bits, 1 Per 
Bypass MUX— Dedicated Input 
Input Cell Cell 


C 
C 
C 
Cc 
C 


ICLK1 Select 1 Bit 0—Virgin State 
SCLK2 Select 1 Bit 0—Virgin State 


CG I/O Macrocell 6 Bits, 1 Per 
(11-16) | Pair Input I/O Macrocell 
Select MUX Pair 


6 

7 

8 ICLK2 Select 1 Bit 0—Virgin State 
MUX 1—Programmed 

9 

10 

X 


CY7C335 


TO ARRAY 


Figure 1. CY7C335 Input Macrocell 
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OUTPUT REG 
BYPASS MUX 


PIN 14: OE 


OUTPUT ENABLE PRODUCT TERM 


‘SET PRODUCT TERM C4 


EX OR PRODUCT TERM : 2 


ScLKi {STATE 
CLK 


SCLK2 MUX 


RESET PRODUCT TERM 
TO ARRAY 


CX(11— 16) FROMADJACENT MACROCELL 


Figure 2. CY7C335 Input/Output Macrocell 
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CY7C335 


C335-5 


CY7C335 


SET PRODUCT TERM 


RESET PRODUCT TERM 


C335-6 


Figure 3. CY7C335 Hidden Macrocell 


SCLK2 TO OUTPUT MACROCELLS AND HIDDEN MACROCELLS 


T MACROCELLS AND HIDDEN 


SCLK1 TO OUTPU 
Sei oe ICLK1 ICLK2 MACROCELLS 
MUX 
1 TO ARRAY 
> 


PINS ie a 


1 TO ARRAY 
=n: 
| e 
C335-7 


Figure 4. CY7C335 Input Clocking Scheme 
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Maximum Ratings Static Discharge Voltage............. Soave tee incandd ta gnuesk >2001V 
(per MIL-STD-883, Method 3015) 

(Above which the useful life may be impaired. For user guide- Latch-Up Current +200 mA 
lines, not tested.) ue 3 om Satbeebiud pecnedauee mbna vente eeedeeuatanee a 
Storage Temperature ..........::ccsesceesessseeeees —65°C to +150°C Dg nga rs renee, pe nr Suaste arngeecs ter reneasteee 
Ambient Temperature with Operating Range 
Power Applied .............cccccsccccsssseessessseetesseees —55°C to +125°C ae 

mbient 
(Pin 22 to Pins 8 ANd 21) cecccccccsssesssssececsssseeee -~0.5V to +7.0V peng? ibd iat Voc 
DC Voltage Applied to Outputs O°C to +75°C OV + 10% 
HA EHOW Z. SIAC eaiccshiaasctsesiapsametiesctaneeeiceettas —0.5V to +7.0V Industrial —40°C to +85°C 5V + 10% 
DC Input Voltage........ccccesesesesesssesseseseeeseees —3.0V to +7.0V Military!" —55°C to +125°C 5V + 10% 
Output Current into Outputs (LOW)...............:::eeesseeeenes 12 mA 


Electrical Characteristics Over the Operating Rangel 


Parameter 
Ven Output HIGH Voltage Voc = Min., loy=-3.2 mA 2.4 


VoL Output LOW Voltage Voc = Min., lo. = 12 mA 


: 


0.5 


Output Leakage Current Voc = Max., Vss $ Vout $ Vcc 
Output Short Circuit Current | Voc = Max., Voyz = 0.5V4 5 2 


lect Standby Power Voc = Max., Vin = GND 
Supply Current Outputs Open Milind 

Power Supply Current Vcc = Max., | 
at Frequency Outputs Disabled (in High Z State), Milind 


Device Operating at fryax External (fivaxs) 


pA] a 
oO; © 


—_h, 
™ 
(oo) 


E 
© 
ce ; 


NO 
(o) 
© 


oO;oO|] oO 


Teat Conditions [Win 
rout Capactance | Va=20v@t=1wHe [1 
Output Capacitance =| Voy, = 2.0V @ f= 1 MHz pene 


Notes: 
ty is the “instant on” case temperature. 


1 
2. See the last page of this specification for Group A subgroup testing information. 

3. These are absolute values with respect to device ground and all overshoots due to system or tester noise are included. 
4 

5 


Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voy7 = 0.5V has been chosen to avoid 


test problems caused by ground degradation. 
Tested initially and after any design or process changes that may affect these parameters. 
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AC Test Loads and Waveforms (Commercial) 
R1 313Q 
(470 MIL/IND) 
SV ALL INPUT PULSES 
OUTPU Se 
50pF is Sa hl ) 
p 319Q Mil/Ind 
INCLUDING a op 
JIG AND = = < 3ns < 3ns 
SCOPE 
(a) C335-8 (b) C335-11 


R=125 Q (1902 MIL) R=125 (1902 MIL) 


ee ce Fae | 
VrH =2.00V 
C= 50 pF | ] (2.02VMIL) C= 5pF | i Vx 


OV OV C335-10 


OV OV C335-9 


(c) Thévenin Equivalent (Load 1) (d) Three—state Delay Load (Load 2) 


Output Waveform Measurement Level 


tpxz (-) 1.5V 
C335-12 


Figure 5. Test Waveforms 
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Commercial AC Characteristics a 2 : 


| 7C335—100 | 7C335-83 7C335-50 
_| Parameter Description } Min. | | Min. | | Min. | Max. | Min. | Max. 


Combinatorial Mode Parameters 


Input to Output Propagation Delay 
: : 
‘ter _| Input to Output Disable 
Input Registered Mode Parameters 
put and Output Cock wa GHEY [a 
input and Ouput Gack Wan LOWY | 4 
put Register Heid Time fom input Cock | 2 
Input Fegister Cocke Output Delay | 
5 


tion — 4H Output Data Stable from Input Clock Minus Input 
X Register Hold Time for 76335" 


cs 
ipxx [Pin 14 Enable to Output Enabled «| 
a 
aad 


aot, 
or 
N 
io) 


i 
O1 


N 
O1 


—_|/ a —| 4 = a} oo 
Ol] N NO] PO © Or; O1 


ae 
= 
Loe 
—_ 
= 


ao 
2 


- 
ue - 


aD 
a 
oo 
aa 


see 
6) 


tWH 
tWe 
tH 


NO 


N NO] NO 
Oo oO; © 


Pin 14 Disable to Output Disabled 


x 


Maximum Frequency of (2) CY7C335s in Input Reg- | 50 


= 
x 


istered Mode apowes! of 1/(ticottis) & 
1/(twi+twu))! 


fmaxo Maximum Frequency Data Path in Input Registered | 55.5 
Mode (Lowest of (1/(tico), 1/(twH+twi); 
A(tyg+tyy)) 


Input Clock to Output Enabled 
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Input Clock to Output Disabled ee: 
Output Registered Mode Parameters  _ 


Output Clock to Output Enabled 


Output Clock to Output Disabled 


Output Register Input Set-Up Time from Output 
‘Clock 


Output Register Input Hold Time from Output Clock EOE | 


Es 
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ree 
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ae 


mie. 
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Pad 
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tcEA 
ts 
ty 


MN] RO 
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Output Register Clock to Output Delay po 


Input Output Register Clock or Latch Enable to. 
Combinatorial Output Delay (Through Logic Array)!®! 


Output Data Stable Time from Output Clock — 
Output Data Stable Time From Output Clock 3 
(Through Memory Array)!®! 
tonHo-t Output Data Clock Stable Time From Output Clock 
OH2—4H 
| | Minus Input Register Hold Time!®! — 
fMax3 Maximum Frequency with Internal Feedback in Out- 50 MHz 
put Registered Mode!® 
fMax4 Maximum Frequency of (2) CY7C335s in Output 58.8 50 41.6 33.3 MHz 
Registered Mode (Lowest of 1/(tco + ts) & 1/(tw, + 
twu))?*! 
Maximum Frequency Data Path in Output Regis- 111 100 83.3 62.5 MHz 
oe Mode (Lowest of 1/(tco), (tw. + twy), ts + 
ty) 
ton — tin Output Data Stable from Output Clock Minus Input 
33x Register Hold Time for 70335! 
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Commercial AC Characteristics (continued) 


70335-—100 | 7C335-83 | 7C335-66 | 7C335-50 


Parameter Description 


Pipelined Mode Parameters 


input Clock to Output Clock 0 
fMAX6 Maximum Frequency Pipelined Mode (Lowest of 100 83.3 50 MHz 
Wtcos), Wteo). Wie + twa)» Wis + ty)” | 


fax Maximum Frequency of (2) CY7C335s in Pipelined | 


Mode (Lowest of 1/(teo + tis) or 1/t¢os) 
Power-Up Reset Parameters 


Power-Up Reset Time!» 


Military/Industrial AC Characteristics 


70335-—83 7C0335-66 
Parameter Description 


Combinatorial Mode Parameters 

Input to Output Propagation Delay 
Input to Output Enable 

Input to Output Disable 

Input Registered Mode Parameters 

Input and Output Clock Width HIGH 
Input and Output Clock Width LOW 


ftig == Input or Feedback Set-Up Time to Input Clock 


Input Register Hold Time from Input Clock 


Input Register Clock to Output Delay 


Output Data Stable Time from Input Clock 


tion — ty 33x Output Data Stable from Input Clock Minus Input Register Hold 
Time for 70335! 


ftpzx -—s«| Pin 14 Enable to Output Enabled 


Pin 14 Disable to Output Disabled 
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fMaxt Maximum Frequency of (2) CY7C335s in Input 38.4 38.4 MHz 
Registered Mode (Lowest of 1/(tico+tis) & 1/(tw_ tty)! 

fMaxe Maximum Frequency Data Path in put Registered Mode (Lowest | 43.4 | MHz 
of (Wtico), Wtwattwr), Wtis+ty))”! 


Input Clock to Output Enabled 

Input Clock to Output Disabled 
Output Registered Mode Parameters 

Output Clock to Output Enabled 

Output Clock to Output Disabled 
ts 


Output Register Input Set-Up Time to Output Clock 
Output Register Input Hold Time from Output Clock 
Output Register Clock to Output Delay 


Output Register Clock or Latch Enable to Combinatorial Output 
Delay (Through Logic Array)!® 
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Notes: 
6. This specification is intended to guarantee interface compatibility of the other members of the CY7C330 family with the CY7C335. This specification is met 


for the devices operating at the same ambient temperature and at the same power supply voltage. , 
7. This part has been designed with the capability to reset during system power-up. Following power-up, the input and output registers will be reset to a logic 


LOW state. The output state will depend on how the array is programmed. 
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Military/Industrial AC Characteristics (continued) 
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70335-83 . 70335-66 
Parameter Description Ce 
Ouiput Data Stable Time from Output Glock ea Pa 
tone Output Data Stable Time From Output Clock 3 3 
(Through Memory Array)! | 
tone tin Output Data Clock Stable Time From Output Clock Minus 
Input Register Hold Time!®! 7 
fMAx3 Maximum pecaueney with Internal Feedback in Output Reg-| 83.3 MHz 
istered Model® 
fax Maximum Frequency of (2) CY7C335s in Output Registered | 47.6 41.6 MHz 
Mode (Lower of 1/(teo + ts) & 1/(tyy, + ty) 


fMAX5 Maximum Frequency Data Path in Output negisleleG Mode 
(Lowest of 1/(te9), 1/(ty, + twy), 1/(ts + ty)! 

tou — ty Output Data Stable from Output Clock Minus Input Register 

33x Hold Time for 70335! . 


Pipelined Mode Parameters 


i008 input Glock to Output Clock ie ea ae 

fMAX6 Maximum Frequency Pipelined Mode 83.3 MHz 
(Lowest of 1/(toog), 1(tg), or too), tig + ty)! 

IMAX7 Maximum Frequency of (2) CY7C335s in Pipelined Mode 71.4 MHz 
(Lowest of 1/ (tco + tis) or 1/tcos) 

Power-Up Reset Parameters . 


Switching Waveform 
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Block Diagram (Page 1 of 2) 
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Block Diagram (Page 2 of 2) 
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Package Operating 
Ordering Code Name Package Type Range 


140 | CY7C335-100WC 28-Lead (300-Mil) Windowed CerDIP 


160 28-Square Leadless Chip Carrier Military 

28-Pin Windowed Leadless Chip Carrier 

28-Lead (300-Mil) Windowed CerDIP | 
Commer 


CY7C335-830MB 
CY7C335-83WMB 


140 | CY7C335-83HC 
CY7C335-83JC || ~—s: J64_—s| 28-Lead Plastic Leaded Chip Carrier 


140 | CY7C335-50JC 


DC Characteristics 


Note a RSE 


VoL 


28-Pin Windowed Leadless Chip Carrier 


Commercial 


28-Pin Windowed Leaded Chip Carrier 
28-Lead Plastic Leaded Chip Carrier 


[ev7ceas-aewe | Waa | 28Lead (@00.Mi) Windowed GerDiP 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


CY7C335—-83WC | W220 28-Lead (300-Mil) Windowed CerDIP 
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Features 


In-System Reprogrammable (ISR™) CMOS CPLDs 
— JTAG interface for reconfigurability 

— Design changes don’t cause pinout changes 
— Design changes don’t cause timing changes 
High density 

— 32-512 macrocellis 

— 32-256 I/O pins 

— 5-6 Dedicated Inputs including 4 clock pins 
High speed - 167 MHz in-system operation 
—tpp =6.5 ns 

—ts =3.5 ns 

—tco = 4.5 ns 

Simple timing model 

—No fanout delays 

— No expander delays 

—No dedicated vs. I/O pin delays 

— No additional delay through PIM 

—No penalty for using full 16 product terms 

— No delay for steering or sharing product terms 
3.3V and 5V versions 

Fully PCI compliant!®! 

Bus Hold capabilities on all I/Os 

Intelligent product term allocator provides: 

— 0-16 product terms to any macrocell 

— Product term steering on an individual basis 
— Product term sharing among local macrocelis 
Flexible clocking 

— 4 synchronous clocks per device 

— Product Term clocking 

— Clock polarity control 


Consistent package/pinout offering across all densities 


— Same pinout for 3.3V and 5V devices 

— Simplifies design migration across density 
Security bit and user ID supported 

Packages 

— 44-352 pins in PLCC, TQFP, and BGA packages 


Uitra37000 Selection Guide 


Ultra37128/V 84/100/160 
Ultra37192/V 160/208 1 
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Due to the 5V tolerant nature of the I/Os, the I/Os are not clamped to Vcc. 
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c™ High-Performance CPLDs 


Warp2® 

— Low-cost IEEE 1076/1164-compliant VHDL system 
— Available on PC, Sun, and HP platforms for $99 
— Supports all Cypress Programmabie Products 
¢ Warp2Sim™ adds: | 

— Capabilities of Warp2 and Viewlogic’s ViewSim 
— Dynamic timing solutions for all Cypress PLDs 
Warp3® CAE development system adds: 

— VHDL input 

— Viewlogic graphical user interface 

— Schematic capture (ViewDraw™) 

— VHDL simulation (SpeedWave™) 


General Description 


The Ultra37000™ family of CMOS CPLDs provides a range of 
high-density programmable logic solutions with unparalleled 
system performance. The Ultra37000 family is designed to 
bring the flexibility, ease of use, and performance of the 22V10 
to high-density CPLDs. The architecture is based on a number 
of logic blocks that are connected by a Programmable Inter- 
connect Matrix (PIM). Each logic block features its own prod- 
uct term array, product term allocator, and 16 macrocells. The 
PIM distributes signals from the logic block outputs and all in- 
put pins to the logic block inputs. Figure 1 shows a block dia- 
gram of the Ultra37128. 


All of the Ultra37000 devices are electrically erasable and 
In-System Reprogrammable (ISR), which simplifies both de- 
sign and manufacturing flows, thereby reducing costs. The ISR 
feature provides the ability to reconfigure the devices without 
having design changes cause pinout or timing changes. The 
Cypress ISR function is implemented through a JTAG-compli- 
ant serial interface. Data is shifted in and out through the TD! 
and TDO pins, respectively. Because of the superior routability 
and simple timing mode! of the Ultra37000 devices, ISR allows 
users to change existing logic designs while simultaneously 
fixing pinout assignments and maintaining system perfor- 
mance. 


The entire family features JTAG for ISR and boundary scan, 
and is fully compliant with the PCI Local Bus specification, 
meeting all the electrical and timing requirements. The 
Ultra37000 family features bus-hold capabilities on all I/Os. 
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Programmable Interconnect Matrix 


; 


The Programmable Interconnect Matrix (PIM) consists of a. ° 


completely global routing matrix for signals from I/O pins and 
feedbacks from the logic blocks. The PIM provides extremely 
robust interconnection to avoid fitting and density limitations. 


The inputs to the PIM consist of all I/O and dedicated input pins 
and ail macrocell feedbacks from within the logic blocks. The 
number of PIM inputs increases with pin count and the number 
of logic blocks. The outputs from the PIM are signals routed to 
the appropriate logic blocks. Each logic block receives 36 in- 
puts from the PIM and their complements, allowing for 32-bit 
operations to be implemented in a single pass through the 
device. The wide number of inputs to the logic block also im- 
proves the routing capacity of the Ultra37000 family. 


An important feature of the PIM is its simple timing. The prop- 
agation delay through the PIM is accounted for in the timing 
specifications for each device. There is no additional delay for 
traveling through the PIM. In fact, all inputs travel through the 
PIM. As a result, there are no route-dependent timing param- 
eters on the Ultra37000 devices. The worst-case PIM delays 
are incorporated in all appropriate Ultra37000 specifications. 


Routing signals through the PIM is completely invisible to the 
user. All routing is accomplished by software—no hand routing 
is necessary. Warp and third-party development packages au- 
tomatically route designs for the Ultra37000 family in a matter 
of minutes. Finally, the rich routing resources of the Ultra37000 
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family accommodate last minute logic changes while maintain- 
ing fixed pin assignments. 


Logic Block 


The logic block is the basic building block of the Ultra37000 
architecture. It consists of a product term array, an intelligent 
product-term allocator, 16 macrocells, and a number of 1/O 
cells. The number of !/O cells varies depending on the device 
used. 


Product Term Array 


Each logic block features a 72 x 87 programmable product 
term array. This array accepts 36 inputs from the PIM, which 
originate from macrocell feedbacks and device pins. Active 
LOW and active HIGH versions of each of these inputs are 
generated to create the full 72-input field. The 87 product 
terms in the array can be created from any of the 72 inputs. 


Of the 87 product terms, 80 are for general-purpose use for the 
16 macrocells in the logic block. Four of the remaining seven 
product terms in the logic block are output enable (OE) product 
terms. Each of the OE product terms controls up to eight of the 
16 macrocells and is selectable on an individual macrocell ba- 
sis. In other words, each I/O cell can select between one of two 
OE product terms to control the output buffer. The first two of 
these four OE product terms are available to the upper half of 
the I/O macrocells in a logic block. The other two OE product 
terms are available to the lower half of the I/O macrocells in a 
logic block. | 
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Figure 1. Ultra37128 Block Diagram 
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Figure 2. Logic Block with 50% Buried Macrocells 


The next two product terms in each logic block are dedicated 
asynchronous set and asynchronous reset product terms. The 
final product term is the product term clock. The set, reset, OE 
and product term clock have polarity control to realize OR 
functions in a single pass through the array. 


Product Term Allocator 


Through the product term allocator, software automatically dis- 
tributes product terms among the 16 macrocells in the logic 
block as needed. A total of 80 product terms are available from 
the local product term array. The product term allocator pro- 
vides two important capabilities without affecting performance: 
product term steering and product term sharing. 


Product Term Steering 


Product term steering is the process of assigning product 
terms to macrocells as needed. For example, if one macrocell 
requires ten product terms while another needs just three, the 
product term allocator will “steer” ten product terms to one 
macrocell and three to the other. On Ultra37000 devices, prod- 
uct terms are steered on an individual basis. Any number be- 
tween 0 and 16 product terms can be steered to any macrocell. 


Note that 0 product terms is useful in cases where a particular 
macrocell is unused or used as an input register. 


Product Term Sharing 


Product term sharing is the process of using the same product 
term among multiple macrocells. For example, if more than 
one output has one or more product terms in its equation that 
are common to other outputs, those product terms are only 
programmed once. The Ultra37000 product term allocator al- 
lows sharing across groups of four output macrocells in a vari- 
able fashion. The software automatically takes advantage of 
this capability—the user does not have to intervene. 


Note that neither product term sharing nor product term steer- 
ing have any effect on the speed of the product. All worst-case 
steering and sharing configurations have been incorporated in 
the timing specifications for the Ultra37000 devices. 


Low Power Option 


Each logic block can operate in high speed mode for critical 
path performance, or in low power mode for power conserva- 
tion. The logic block mode is set by the user on a logic block 
by logic block basis. 
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Figure 5. Input/Clock Macrocell 


Ultra37000 Macrocell 


Within each logic block there are 16 macrocells. Macrocells can 
either be I/O Macrocells, which include an I/O Cell which is as- 
sociated with an I/O pin, or buried Macrocells, which do not con- 
nect to an I/O. The combination of I/O Macrocells and buried 
Macrocells varies from device to device. 


Buried Macrocell 


Figure 3 displays the architecture of buried macrocells. The bur- 
ied macrocell features a register that can be configured as com- 
binatorial, a D flip-flop, a T flip-flop, or a level-triggered latch. 


The register can be asynchronously set or asynchronously reset 
at the logic block level with the separate set and reset product 
terms. Each of these product terms features programmable po- 
larity. This allows the registers to be set or reset based on an 
AND expression or an OR expression. 


Clocking of the register is very flexible. four global synchronous 
clocks and a product term clock are available to clock the regis- 
ter. Furthermore, each clock features programmable polarity so 
that registers can be triggered on falling as well as rising edges 
(see the Clocking section). Clock polarity is chosen at the logic 
block level. 


The buried macrocell also supports input register capability. The 
buried macrocell can be configured to act as an input register 
(D-type or latch) whose input comes from the I/O pin associated 
with the neighboring macrocell. The output of all buried macro- 
cells is sent directly to the PIM regardless of its configuration. 


VO Macrocell 


Figure 3 illustrates the architecture of the I/O macrocell. The I/O 
Macrocell supports the same functions as the Buried Macrocell 
with the addition of I/O capability. At the output of the macrocell, 
a polarity control mux is available to select active LOW or active 
HIGH signals. This has the added advantage of allowing signif- 
icant logic reduction to occur in many applications. 


The Ultra37000 macrocell features a feedback path to the PIM 
separate from the I/O pin input path. This means that if the mac- 
rocell is buried (fed back internally only), the associated I/O pin 
can still be used as an input. 
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Bus Hold Capabilities on all I/Os 


Bus-hold, which is an improved version of the popular internal 
pull-up resistor, is a weak latch connected to the pin that does 
not degrade the device’s performance. As a latch, bus-hold 
maintains the last state of a pin when the pin is placed in a 
high-impedance state, thus reducing system noise in bus-inter- 
face applications. Bus-hold additionally allows unused device 
pins to remain unconnected on the board, which is particularly 
useful during prototyping as designers can route new signals to 
the device without cutting trace connections to VCC or GND. 


Programmable Slew Rate Control 


Each output has a programmable configuration bit, which sets 
the output slew rate to fast or slow. For designs concerned with 
meeting FCC emissions standards the slow edge provides for 
lower system noise. For designs requiring very high perfor- 
mance the fast edge rate provides maximum system perfor- 
mance. 


Ultra37000 5V devices 


The Ultra37000 devices operate with a 5V supply, can support 
SV or 3.3V I/O levels. Veco connections provide the capability 
of interfacing to either a 5V or 3.3V bus. By connecting the Vecc 
pins to 5V the user insures 5V TTL levels on the outputs. If Vecc 
is connected to 3.3V the output levels meet 3.3V JEDEC stan- 
dard CMOS levels and are 5V tolerant. These devices require 
5V ISR programming. 


Ultra37000V 3.3V devices 


Devices operating with a 3.3V supply require 3.3V on all Vocc 
pins, reducing the device’s power consumption. These devices 
support 3.38V JEDEC standard CMOS output levels, and are 5V 
tolerant. These devices allow 3.3V ISR programming. 


~ PCI Compliance 


5V operation of the Ultra37000 is fully compliant with the PCI 
Local Bus Specification published by the PCI Special Interest 
Group. The 3.3V products meet all PCI requirements except for 
the output 3.3V clamp, which is in direct conflict with 5V toler- 
ance. The Ultra37000 family’s simple and predictable timing 
model ensures compliance with the PCI AC specifications inde- 
pendent of the design. 
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IEEE 1149.1 Compliant JTAG 

The Ultra37000 family has an IEEE 1149.1 an interface for 
both Boundary Scan and ISR. 

Boundary Scan 


The Ultra37000 family supports Bypass, Sample/Preload, Ex- 
test, Idcode and Usercode boundary scan instructions. The 
JTAG interface is shown in Figure 6. 


TDI 


Data Registers 


Figure 6. JTAG Interface 


In-System Reprogramming (ISR) 


In-System Reprogramming is the combination of the capability 
to program or reprogram a device on-board, and the ability to 
support design changes without changing the system timing 
or device pinout. This combination means design changes 
during debug or field upgrades do not cause board respins. 
The Ultra37000 family implements ISR by providing a JTAG 
compliant interface for on-board programming, robust routing 
resources for pinout flexability, and a simple timing model for 
consistent system performance. 


Clocking 


Each I/O and buried macrocell has access to 4 synchronous 
clocks (CLKO, CLK1, CLK2 and CLK3) as well as an asynchro- 
nous product term clock PTCLK. Each input macrocell has 
access to all 4 synchronous clocks. 


Dedicated Inputs/Clocks 


Five pins on each member of the Ultra37000 family are desig- 
nated as input-only. There are two types of dedicated inputs 
on Ultra37000 devices: input pins and input/clock pins. Figure 
4 illustrates the architecture for input pins. Four input options 
are available for the user: combinatorial, registered, dou- 
ble-registered, or latched. If a registered or latched option is 
selected, any one of the input clocks can be selected for con- 
trol. 


Figure 5 illustrates the architecture for the input/clock pins. 
Like the input pins, input/clock pins can be combinatorial, reg- 
istered, double registered, or latched. In addition, these pins 
feed the clocking structures throughout the device. The clock 
path at the input has user-configurable polarity. 
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Product Term Clocking 


In addition to the 4 synchronous clocks, the Ultra37000 family 
also has a product term clock for asynchronous clocking. Each 
logic block has an independant product term clock which is 
available to all 16 macrocells. Each product term clock also 
supports user configurable polarity selection. 


Timing Model 


One of the most important features of the Ultra37000 family is 
the simplicity of its timing. All delays are worst case and sys- 
tem performance is unaffected by the features used. Figure 7 
illustrates the true timing model for the 167 MHz devices in 
high speed mode. For combinatorial paths, any input to any 
output incurs an 6.5-ns worst-case delay regardless of the 
amount of logic used. For synchronous systems, the input 
set-up time to the output macrocells for any input is 3.5 ns and 
the clock to output time is also 4.0 ns. These measurements 
are for any output and synchronous clock, regardless of the 
logic used. 

The Ultra37000 features: 

no fanout delays 

no expander delays 

no dedicated vs. I/O pin delays 

no additional delay through PIM 

no penalty for using 0-16 product terms 

no added delay for steering product terms 

no added delay for sharing product terms 

no routing delays 

no output bypass delays 


The simple timing model of the Ultra37000 family eliminates 


e 


unexpected performance penalties. 


COMBINATORIAL SIGNAL 


tpp =6.5ns 


INPUT 


OUTPUT 


REGISTERED SIGNAL 


ts = 3.5 ns tco = 4.5 ns 


OUTPUT 


Figure 7. Timing Model for Ultra37128 
Development Software Support 


Warp2® 


Warp2 is a state-of-the-art VHDL compiler for designing with 
Cypress programmable logic. Warp2 utilizes IEEE 1076/1164 
VHDL. as the Hardware Description Language (HDL) for de- 
sign entry. VHDL provides a number of significant benefits for 
design entry. Warp2 accepts VHDL input, synthesizes and op- 
timizes the entered design, and outputs a JEDEC map for the 
desired Ultra37000 device. For simulation, Warp2 provides a 
graphical waveform simulator as well as VHDL and Verilog 
Timing Models. 
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VHDL (VHSIC Hardware Description Language) is an open, 
powerful, non-proprietary language that is a standard for be- 
havioral design entry and simulation. VHDL allows designers 
to learn a single language that is useful for all facets of the 
design process. See the Warp2 data sheet for further informa- 
tion. 


Warp3® 


Warp3 is a sophisticated development system that is based on 
the latest version of Viewlogic’s CAE design environment. 
Warp3 features schematic capture (ViewDraw™), VHDL 
waveform simulation (SpeedWave™), a VHDL debugger, and 
VHDL synthesis, all integrated in a graphical design environ- 
ment. Warp3 is available on PCs using Windows 3.1, 
Windows95 or Windows NT and on Sun and Hewlett Packard 
workstations. See the Warp3 data sheet for further informa- 
tion. 


Warp2Sim™ 


This development system combines the capabilities of Warp2 
and Viewlogic’s ViewSim™ package which provides dynamic 
timing solutions for all Cypress programmable logic devices. 


Third-Party Software 


Cypress products are supported in a number of third party 
design entry and simulation tools. All major third-party soft- 
ware vendors (including ABEL™, Synario, LOG/iC™, 
CUPL™, Mentor, etc.) provide support for the Ultra37000 fam- 
ily of devices. Refer to the third party software data sheet or 
contact your local sales office for a list of currently supported 
third party vendors. 


Programming 


There are four programming options available for Ultra37000 
devices. The first method is to use a PC with the InSRkit ISR 
programming cable and software. With this method, the ISR 
pins of the Ultra37000 devices are routed to a connector at the 
edge of the printed circuit board. The ISR programming cable 
is then connected between the parallel port of the PC and this 
connector. A simple configuration file instructs the ISR soft- 
ware of the programming operations to be performed on each 
of the Ultra37000 devices in the system. The ISR software 
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then automatically completes all of the necessary data manip- 
ulations required to accomplish the programming, reading, 
verifying, and other ISR functions. For more information on 
Cypress ISR Interface, see the ISR Programming Kit. 


The second method for programming Ultra37000 devices is on 
automatic test equipment (ATE.) Contact your local sales of- 
fice for information on availability of this option. 


The third programming option for Ultra37000 devices is to uti- 
lize the embedded controller or processor that already exists 
in the system. The Ultra37000 ISR software assists in this 
method by converting the device JEDEC maps into the ISR 
serial stream that contains the ISR instruction information and 
the addresses and data of locations to be programmed. The 
embedded controller then simply directs this ISR stream to the 
chain of Ultra37000 devices to complete the desired reconfig- 
uring or diagnostic operations. Contact your local sales office 
for information on availability of this option. 


The fourth method for programming Ultra37000 devices is tc 
use the same programmer that is currently being used to pro- 
gram FLASH370i devices. 


For all pinout, electrical, and timing requirements, refer to de- 
vice data sheets. For ISR cable and software specifications, 
refer to the INSRkit data sheets. For a detailed description of 
ISR capabilities, refer to the Cypress application note, “An In- 
troduction to In System Reprogramming with Ultra37000.” 


The /mpulse3™ device programmer from Cypress will pro- 
gram all Cypress programmable logic devices, as well as USB, 
PROM and EPROM products. This unit is a programmer that 
connects to any IBM-compatible PC via the printer port. For 
further information see the /mpulse3 data sheet. 


Third-Party Programmers 


As with development software, Cypress support is available on 
a wide variety third-party programmers. All major third-party 
programmers (including Data I/O, Logical Devices, Minato, 
SMS, and Stag) support the Ultra37000 family. 


Document #: 38-00475-A 


ISR, UltraLogic, Ultra37000, Warp2Sim, and /mpulse3 are trademarks of Cypress Semiconductor Corporation. 
Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 
SpeedWave, ViewSim and ViewDraw are trademarks of ViewLogic. , 


ABEL is a trademark of Data I/O Corporation. 
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Fy YPRESS PRELIMINARY Ultra37128 
UltraLogic™ 128-Macrocell ISR™ CPLD 
Features + High speed 
| ost —fyax = 167 MHz 
¢ 128 macrocells in eight logic blocks 
¢ In-System Reprogrammable (ISR™) —tpp = 6.5 ns 
— JTAG compliant on board programming —ts = 3.5 ns 
—tco = 4.5ns 


— Design changes don’t cause pinout changes 

— Design changes don’t cause timing changes 

I/O Intensive Version features an I/O for every Macocell 

— 128 I/O Macrocells 

— 128 1/O pins plus 5 dedicated inputs including 4 clock 
inputs 

Register Intensive Version 

— 64 buried Macrocells and 64 I/O Macrocells 


Product-term clocking _ 

Programmable slew rate control on individual I/Os 
Low power option on individual logic block basis 
5V and 3.3V I/O capability 

Bus Hold capabilities on all I/Os 

Simple Timing Model 

Fully PCI compliant!” 

Available in 84-pin PLCC, 100-pin TQFP and 160-pin 


e 


e 


—641/O pins and 5 or 6 dedicated inputs including 4 PQFP packages 
clock inputs ¢ Pinout compatible with and functional superset of 
FLASH374i/5i 


¢ IEEE 1149.1 JTAG boundary scan 


j CLOCK 
Logic Block Diagram INPUTS INPUTS 


4 
INPUT/CLOCK 
MACROCELLS 


VOoVO15 <1 2 > VO442-VO107 


16 I/Os 
VO4¢-V03, <—— B G CF = WOg6-V/O444 


16 1/Os 
//O25-1/0 I/Og9-V/O 
32°/U47 C F 80-95 


16 I/Os 
/Oog-V/063 <— D E V/Og4-l/O79 


TDI JTAG 37128-1 
ae Tap Controller TDO | | 


Selection Guide 


) 


Maximum Propagation Delay, tpp (ns 


Minimum Set-Up, ts (ns) 


Maximum Clock to Output, too (ns) 
Typical Supply Current, I¢c¢ (mA) in Low Power Mode 


Note: 
1. Due to the 5V tolerant nature of the I/Os, the !/Os are not clamped to Vcc. 
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Functional Description 


The Ultra37128 is an In-System Reprogrammable (ISR) Com- 
plex Programmable Logic Device (CPLD) and is part of the 
Ultra37000™ family of high-density, high-speed CPLDs. Like 
all members of the Ultra37000 family, the Ultra37128 is de- 
signed to bring the ease of use and high performance of the 
22V 10 to high-density PLDs. 


The 128 macrocell Ultra37128 is available in register intensive 
and 1|/O intensive versions. The Ultra37128P84 and 
Ultra37128P100 feature 64 Buried Macrocells and 64 I/O Mac- 
rocells for register intensive designs which require small foot- 
print devices. The Ultra37128P160 I/O intensive device has an 
I/O pin for each macrocell. 


For a more detailed description of the architecture and fea- 
tures of the Ultra37128 see the Ultra37000 family data sheet. 


Fully Routable with 100% Logic Utilization 


The Ultra37128 is designed with a robust routing architecture 
which allows utilization of the entire device, with a fixed pinout. 
This makes Ultra37000 optimal for implementing on board de- 
sign changes using ISR without changing pinouts. 


Simple Timing Model 


The Ultra37128 features a very simple timing model with pre- 
dictable delays. Unlike other high-density CPLD architectures, 
there are no hidden speed delays such as fanout effects, inter- 
connect delays, or expander delays. The timing model allows 
for design changes with ISR without causing changes to sys- 
tem performance. 
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Low Power Operation | 


Each Logic Block of the Ultra37128 can be configured as ei- 
ther High-Speed (default) or Low-Power. In the Low-Power 
mode, the logic block consumes 50% less power (9.3 mA 
max.) and slows down by 5 ns. 


Output Slew Rate Control 


Each output can be configured with either a fast edge rate 
(default) for high performance, or a slow edge rate for added 
noise reduction. In the fast edge rate mode, outputs switch at 
3V/ns max. and in the slow edge rate mode, outputs switch at 
1V/ns max. There is a 2ns delay for I/Os using the slow edge 
rate mode. 


In System Reprogramming 


The Ultra37128 can be programmed in system using IEEE 
1149.1. complaint JTAG programming protocol. The 
Ultra37128 can also be programmed on a number of traditional 
parallel programmers including Cypress’s /mpulse3™ pro- 
grammer and industry standard third party programmers. For 
an overview of ISR programming, refer to the Ultra37000 Fam- 
ily data sheet and for ISR cable and software specifications, 
refer to the InSRkit: ISR programming data sheet (CY3600). 


Design Tools 


Development software for the Ultra37128 is available from 
Cypress’s Warp™ or third party bolt-in software packages as 
well as a number of third party development packages. Please 
refer to the Warp or third party tool support data sheets for 
further information. 
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Pin Configurations 
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84-pin PLCC 


Top View 
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Maximum Ratings DC Voltage Applied to Outputs 

WY FIG Z: Stat asses sasctevrrcscacencceroteticoigcaasceens —0.5V to +7.0V 
(Above which the useful life may be impaired. For user QuIde- 1G Input Voltage ......-.sescsssesssssesssseesesseseeseseees —0.5V to +7.0V 
lines, not tested.) 

DC Program Voltage............:::::::scssessssssrssssccesseeeeseeeess 5V+5% 


Storage TEMpPerature oo... ccceeceeeeeeeeeees —65°C to +150°C Bie ee eas seen 
Ambient Temperature with utput Current into Output ..............ccccsssecceeeeessssseeeens m/ 


Power Applied .........c:ccesessessssssessesesssseevereees —55°C to +125°C Static Discharge Voltage.......... ogress wis joasteeeceasaceeadee >2001V 
(per MIL-STD-883, Method 3015) 


Supply Voltage to Ground Potential ............... —0.5V to +7.0V : 
Latch-Up Guirenticns certian sesenlanidaaleieieaeeacs >200 mA 


Operating Range! 


Ambient Output 
Range Temperature] | Condition cc Veco 


V 
0°C to +70°C 5V +5% BV + 5% 


| av) sveio~ | saveoav 
“BSC 10 +125°C | BV | SVE10% | SV+10% 
Shaded areas contain advance information. | 


Electrical Characteristics Over the Operating Range 


~ | ~40°C to +85°C 


Output Leakage Current GND < Vo < Vcc, Output Disabled 
Output Short Circuit Current!” Voc = Max., Vout = 0.5V 


_ | Power Supply Current!?! Per Logic Voc = Max., Ioyt = 0 mA, f = 1 MHz, 
Block - High Speed Mode Vin = GND or Vec 


Power Supply Current'®! Per Logic Voc = Max., loyt = 0 mA, f = 1 MHz, 
Block - Low Power Mode Vin = GND or Voc 


Input Bus Hold LOW Sustaining. Voc = Min., Vi, = 0.8V +75 
Current 

Input Bus Hold HIGH Sustaining | Veco = Min., Viy = 2.0V —75 
Current fy ; 


Input Bus Hold HIGH Overdrive Vcc = Max. 
Current 


Notes: 

2. Normal Programming Conditions apply across Ambient Temperature Rnage for specified programming methods. For more information on programming the 
Ulitra37000 family devices see the Ultra37000 family data sheet. 
Ta is the “instant on” case temperature. 

lou = —2 MA, Io, = 2 mA for SDO. 

ese are absolu e values with respect to device ground. All overshoots due to system or tester noise are included. 

Not more than one output should be tested at a time. Duration of the short circuit should not exceed 1 second. Voytz = 0.5V has been chosen to avoid test 
problems caused by tester ground degradation. 

Tested initially and after any design or process changes that may affect these parameters. 

sll a Hie 16-bit counter programmed into the logic block. Total device power calculated by summing the Icc¢ specifications for the mode of operation of 
each logic block. 


ON BDAPW 
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Inductance!” 


84-lead 100-lead 160-Lead 
| Description Test Conditions PLCC TQFP TQFP 


Maximum Pin Inductance |Vjy=5.0Vatf=1MHz | 8 | 5 | nH 


\ 


Input/Output Capacitance Vin = 5.0V at f= 1 MHz Loe 
Clock Signal Capacitance Vin = 5.0V at f = 1 MHz 


Test Condon | Win._[ Typ. [Unit 
Minimum Reprogramming Cycles | Normal Programming Conditions 1,000 | 10,000 


AC Test Loads and Waveforms 


238Q (COM'L) 238Q (COM'L) 
319Q (MIL) 319Q (MIL) ALL INPUT PULSES 
5V 5V 
OUTPUT OUTPUT 
170Q (COM'L) 170Q (COM'L) 
35 pF T 236Q (MIL) 5 pF T 236Q (MIL) 
INCLUDING = — — — 
JIG AND INCLUDING 
SCOPE JIG AND 
(a) oeere (b) 37128-5 (c) 37128-6 
Equivalent to: © THEVENIN EQUIVALENT 
99Q (COM'L) 


136Q (MIL) 2.08V(COM'L) 


Parameter! Output Wavetorm--Measurement Level 


37128-9 


37128-10 


(d) Test Waveforms 


Note: 
9. tgp measured with 5-pF AC Test Load and te, measured with 35-pF AC Test Load. 
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Switching Characteristics Over the Operating Range!'®! 


s7108-83 
Parameter Description Pian. [ Max. [ Min. | Max. [ win. | Max. Win. | Max. 


Combinatorial Mode Parameters 


tpp Input to Combinatorial Output ae Lea ae 
Input to Output Through Transparent | 
Input or Output Latch 
Input to Output Through Transparent 11 12 
Input and Output Latches 


ot ~- 
U “U 
iw) Oo 
_ ae 
~ 


Input to Output Enable 
Input to Output Disable 


Input Register Parameters 


Clock or Latch Enable Input LOW 
Time 


eT te 
Clock or Latch Enable Input HIGH 2.5 | 25 3 4 
Timel”] 
input Register orLatch SetUptime [2 | [2 [ [2 | [3 | [rs | 
tico Input Register Clock or Latch Enable . 
3 to Combinatorial Output 

ticoL Input Register Clock or Latch Enable 12 12 16 21 

to Output Through Transparent Output 

Latch 


tea 
ter 


io) 


= 
= 


twH 
tis 
ty 


Synchronous Clocking Parameters 


Synchronous Clock (CLKp, CLK;, 4.5 4.5 
CLKo, or CLK3) or Latch Enable to 
Output 


Set-Up Time from Input to Synchro- 
nous Clock (CLKg, CLK;, CLKo, or 
CLK3) or Latch Enable 


Register or Latch Data Hold Time 


Output Synchronous Clock (CLKo, 
CLK,, CLK», or CLK3) or Latch Enable 
to Combinatorial Output Delay 

(Through Logic Array) 


Output Synchronous Clock (CLKo, 
CLK, CLK», or CLK3) or Latch Enable 
to Output Synchronous Clock (CLKo, 
CLK,, CLK», or CLK3) or Latch Enable 
(Through Logic Array) 


tco2 


tscs 


oo ~ P~s 
x ie] (2) 
oO 


toy Set-Up Time from Input Through 7.5 10 
Transparent Latch to Output Register 
Synchronous Clock (CLKp, CLK, 
CLKo, or CLK3) or Latch Enable 


tu Hold Time for Input Through Transpar- - | ns 
ent Latch from Output Register Syn- 
chronous Clock (CLKp, CLK,, CLK», 
or CLK3) or Latch Enable 


Notes: 


10. All AC parameters are measured with 16 outputs switching and 35-pF AC Test Load. 
11. Logic Blocks operating in low power mode, add t,p to this spec. 
12. Outputs using Slow Output Slew Rate, add tg; ew to this spec. 
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Switching Characteristics Over the Operating Range!!! (continued) 


Product Term Clocking Parameters 
Product Term Clock or Latch Enable 12 17 
(PTCLK) to Output 


Set-Up Time from Input to register 2.5 
Product Term Clock or Latch Enable 


o1 
o 
1 
rm 
' 
ao 
i 
i 


ot a 7H aa al 
O| 3 % |3 3| 9 
iw) 4 4 |- 4 0 
u 4 


— 
QO 
” 


fMaxt 


fax 


(PTCLK) 
as an input register from Input to Prod- ah 
Buried Register used as an input reg- 
ister or Latch Data Hold Time 
Logic Array) 
(CLKp, CLK;, CLK», or CLK3) to Out- 
Operating Frequency Parameters 
167 154 125 83 MHz 
or t/tco)! 
(Lesser of 1/(tyw, + tw), (tg + ty), or 
ued Uaett et PCECeCee 
Reset/Preset Parameters 
Asynchronous Resetto Output || a4 -[ [4 [| [ te [| at | ns 
Asynchronous Presetto Output | ‘| 14 [ [4 [| [| 6 | [at | ns 
Siow Output SiewRateAdger [2 [| 2 | | 2] [2]  [-s| 


Register or Latch Data Hold Time 
uct Term Clock or Latch Enable (PT- 
rth Ouray Chr CEPT 
Pipelined Mode Parameters 
put Register Synchronous Clock 
Maximum Frequency with Internal 
Maximum Frequency Data Path in 200 200 153.8 125 MHz 
Mode (Least of 1/(tco + tis), tics, 
Asynchronous Preset Width 
a Option Parameters 
Tap Controller Parameter 


Set-Up Time from buried register used 
CLK) 
(PTCLK) to Output Delay (Through 
Input Register Synchronous Clock 5.5 12 
(CLKp, CLK;, CLK», or CLK3) 
Feedback (Least of 1/tscg, 1/(ts + ty), 
Output Registered/Latched Mode 
fMAX3 Maximum Frequency with External 62.5 MHz 
Feedback (Lesser of 1/(tco + tg) or 
1/(twe + tw) 
T/(twe + twu); W(tis + ty), Or 1/tgcs) 
meyer onus Reset Recovery 10 = 12 17 = 
Timel7] 
seve nionoue Preset Recovery 10 10 12 17 
Time] 
Low Power Adder (AE ce Ca 
[fap | T80 Controller Frequency st 
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Switching Waveforms 


37128-11 


Combinatorial Output 
INPUT 


COMBINATORIAL 
OUTPUT 


Registered Output with Synchronous Clocking 
tH 


INPUT 
SYNCHRONOUS 
CLOCK 
tco 
REGISTERED 
OUTPUT 
ie 7 tco2 
37128-12 


ee | lf rmenrere REE cel 
tWe 


REGISTERED 
. OUTPUT 
tWH 


SYNCHRONOUS 
CLOCK 
Registered Output with Product Term Clocking 


Input going through the Array 
INPUT 


tWe 


PRODUCT TERM 
CLOCK 
i 


twH 


REGISTERED 
OUTPUT 


PRODUCT TERM 
CLOCK 
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Switching Waveforms (continued) 


Registered Output with Product Term Clocking 
Input coming from Adjacent Buried Register 


INPUT 


PRODUCT TERM 


CLOCK 
REGISTERED 
tWH e . 
: 37128-14 


OUTPUT 


PRODUCT TERM 
CLOCK 


Latched Output 
tHe - 


INPUT 
—————-j.7— 
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LATCH ENABLE 
tppoL— 


LATCHED 
OUTPUT 


Registered Input 
ty 


REGISTERED 
INPUT 
tis 


tico "| 


INPUT REGISTER 
CLOCK 


twe 
37128-16 


COMBINATORIAL 
OUTPUT 
tWH 


CLOCK 


3-17 


Ultra37128 


ry 
1 


=== CYPRESS 


Switching Waveforms (continued) 


Clock to Clock 
a tscs 


INPUT REGISTER 
CLOCK 

tics 

37128-17 


OUTPUT 
REGISTER CLOCK 


Latched Input 
———P 


LATCHED INPUT 
- tH 


LATCH ENABLE 


COMBINATORIAL 


OUTPUT 
37128-18 


LATCH ENABLE 


Latched Input and Output 
— tsi = 
tH 


LATCHED 
OUTPUT 
ticoL 


INPUT LATCH 
ENABLE 
tics — 


OUTPUT LATCH 
ENABLE 


LATCH ENABLE 
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Switching Waveforms (continued) 


Asynchronous Reset 
thw 


INPUT 
tro 


XXXOOK _| 


REGISTERED 
OUTPUT 
tar 7 
CLOCK 
37128-20 
Asynchronous Preset 
tpw 
INPUT i, 
REGISTERED CVV 
OUTPUT XXXKK__ 
tpR 
CLOCK 
37128-21 
Output Enable/Disable 
ter tea 
>»? << 
37128-22 


OUTPUTS 
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Ordering Information | 


Speed Package Operating 
(MHz) Ordering Code Name Package Type Range 


| CY37128P84—167JC 84-Lead Plastic Leaded Chip Carrier 


p 
167 
CY37128P100—167AC A100 100-Pin Thin Quad Flatpack 
CY37128P160—167AC A160 160-Pin Thin Quad Flatpack 
154 
125 


CY37128P100—-154AC A100 100-Pin Thin Quad Flatpack 


CY37128P160—154AC A160 160-Pin Thin Quad Flatpack 


COT a ae 
-CY37128P100-154Al — 


84-Lead Plastic Leaded Chip C 


arrier | Industrial | 


83 
CY37128P84—154JC 84-Lead Plastic Leaded Chip Carrier | Commercial 
~ J83 


CY37128P160-154Al | 160-Pin ThinQuadFlatpack | 
100-Pin Thin Quad Flatpack 


Lead Plastic Leaded Chip Carrier | Ind 


usrtial 


CY37128P160-125Al A160 


CY37128P160-125GMB | Gi60 | 


~T Military 


Commercial 


CY37128P84-83J| | ~——-J83_—-_—| 84-Lead Plastic Leaded Chip Carrier | Indusrtial 
CY37128P100-83Al | A100 | 100-Pin Thin Quad Flatpack ew ae 
“A160 | 160-Pin Thin Quad Flatpack BP oa 
CY37128P160-83GMB ‘| 160-PinGridAray = Military” - 
CY37128P160-83UMB _ 160-Pin Ceramic QuadFlatpack | 
Shaded areas contain advance information. — 


83 
7 CY37128P100-83AC A100 100-Pin Thin Quad Flatpack 


Uitra37128 


ISR, UltraLogic, FLASH370, Ultra37000, and Warp2Sim are trademarks of Cypress Semiconductor Corporation. 


Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 


Document #: 38-00558 
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2 PRELIMINARY Ultra37128V 
UltraLogic™ 3.3V 128-Macrocell ISR™ CPLD 


i" 


Features High speed 
* 128 macrocells in eight logic blocks — fax = 125 MHz 
- 3.3V In-System Reprogrammable (ISR™) —tpp = 10 ns 
—JTAG compliant on board programming —tg =5.5 ns 
— Design changes don’t cause pinout changes —tco = 6.5 ns . 
— Design changes don’t cause timing changes - JEDEC standard 3.3V operation 
« I/O Intensive Version features an I/O for every Macrocell —38.3V ISR 
— 128 I/O Macrocells — 5V tolerant . 
— 1281/0 pins plus 5 dedicated inputs including 4 clock - Product-term clocking a 
inputs ¢ Programmable slew rate control on individual I/Os 


Low power option on individual logic block basis 
Bus Hold capabilities on all I/Os 
¢ Simple Timing Model 


Register Intensive Version 
—64 buried Macrocells and 64 I/O Macrocells 
— 64 I/O pins and 5 dedicated inputs including 4 clock - PCI compliant!'! 


inputs : . 
IEEE 1149.1 JTAG boundary scan POFP peckeges PLCC, 100-pin TQFP and 160-pin 


Pinout compatible Ultra37128 5V device 


Logic Block Diagram INPGTS INPUTS 


INPUT/CLOCK 
MACROCELLS 


INPUT 
isis iad 
ie 
16 /Os LOGIC 16 I/Os 
VOo-VO15 << BLOCK | 36 0 > VO je VOja7 


16 I/Os LOGIC 
VO4g-VOz, <tr ea 36 ye V/Og6-V/04 44 


16 I/Os LOGIC 


/O39-l/O.47 q ig es 36 : VOgo-W/Og5 
16 /Os =: 
VOog-I/Og3 <— ae i 36 2 V/Oga-VO79 


TDI 
TCLK TAG TDO 
TMS Tap Controller 37128V-1 


Selection Guide 


Ultra37128V-125 Ultra37128V-83 


Maximum Clock to Output, teo (ns) 3 ae: ee 


Typical Supply Current, I¢c (MA) in Low Power Mode 75 75 


Note: 
1. Due to the 5V tolerant nature of the I/Os, the I/Os are not clamped to Voc 
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Functional Description 


a 


The Ultra37128V is an In-System Reprogrammable (ISR) 
Complex Programmable Logic Device (CPLD) and is part of 
the Ultra37000™ family of high-density, high-speed CPLDs. 
Like all members of the Ultra37000 family, the Ultra37128V is 
designed to bring the ease of use and high performance of the 
22V 10 to high-density PLDs. 


The 128 macrocell Ultra37128V is available in register inten- 
sive and I/O intensive versions. The Ultra37128VP84 and 
Ultra87128VP100 feature 64 Buried Macrocells and 64 I/O 
Macrocells for register intensive designs which require small 
footprint devices. The Ultra37128VP160 I/O intensive device 
has an I/O pin for each macrocell. 


For a more detailed description of the architecture and fea- 
tures of the Ultra37128V see the Ultra37000 family data sheet. 


Fully Routable with 100% Logic Utilization 


The Ultra37128V is designed with a robust routing architecture 
which allows utilization of the entire device, with a fixed pinout. 
This makes Ultra37000 optimal for implementing on board de- 
sign changes using ISR without changing pinouts. 


Simple Timing Model 


The Ultra37128V features a very simple timing model with pre- 
dictable delays. Unlike other high-density CPLD architectures, 
there are no hidden speed delays such as fanout effects, inter- 
connect delays, or expander delays. The timing model allows 
for design changes with ISR without causing changes to sys- 
tem performance. 


Ultra37128V 


Low Power Operation _ 


Each Logic Block of the Ultra37128V can be configured as 
either High-Speed (default) or Low-Power. In the Low-Power 
mode, the logic block consumes 50% less power (9.3 mA 
max.) and slows down by 6 ns. 


Output Slew Rate Control 


Each output can be configured with either a fast edge rate 
(default) for high performance, or a slow edge rate for added 
noise reduction. In the fast edge rate mode, outputs switch at 
3V/ns max. and in the slow edge rate mode, outputs switch at 
1V/ns max. There is a 2-ns delay for I/Os using the slow edge 
rate mode. 


In System Reprogramming 


The Ultra37128V can be programmed in system using IEEE 
1149.1. compliant JTAG programming protocol. The 
Ultra37128V can also be programmed on a number of tradi- 
tional parallel programmers including Cypress’s /mpulse3™ 
programmer and industry standard third-party programmers. 
For an overview of ISR programming, refer to the Ultra37000 
Family data sheet and for ISR cable and software specifica- 
tions, refer to INSRkit: ISR programming data sheet (CY3600). 


Design Tools 


Development software for the Ultra37128V is available from 
Cypress’s Warp™ or third-party bolt-in software packages as 
well as a number of third-party development packages. Please 
refer to the Warp or third-party tool support data sheets for 
further information. 
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Pin Configurations 


84-pin PLCC 
Top View 
fi 
Drowsy onuro 89 of BIEBEEES 
BISSISSIS LZ SEQGOIGIGIIS 
PEE EET ET 
111098765 43 2 | 1 |84 83 82 81 80 79 7877 76 75 
V/Og C] 12 740] GND 
VOg Cj 13 730 VOss 
/04o9/TCLK Cj 14 720) 1/0;,/TDI 
/O,, 0) 15 7100 VOs3 
VO CL) 16 700 VOso 
/043 C1 17 691 Os, 
VO44 [] 18 680 V/Os5o 
VO45 Cj 19 670 V/O49 
CLKo/lp EJ 20 660] 1/04, 
Veco © 21 65C] CLKo/lq 
GND (Cj 22 37128VP84 644) GND 
CLK,/, J 23 631 Veco 
O16 C] 24 620 CLKo/ls 
/0,70 25 61 1/047 
1/048 T] 26 6000 /O4g 
1/049 C4] 27 597) W/O4s 
VOx9 LC] 28 580] VO44 
Oo, CJ 29 5701 /O43 
/Oo2 CJ 30 56] 1/04. 
VOo3 FC 31 550) 1/04, 
GND [J 32 5407 1/049 
33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 5253 
UU UU LU Udo Ud UU ou uo 0 
Tr WwW BODO r_N ON NOt DO OR D> 
S32 SS ISE~ 82 SIF SS FSB SZ 37128V-2 
ak Se a > SSSsSsQe9 
e) S 
100-pin TQFP 
Top View 


TCLK f__] TDI 
GND LI Veco 
Oz -—] O55 
Og pI WVOs4 
VO10 }—I Oss 
VO, L—] W/Oso 
040 | —I O54 
O45 p—] O50 
VO44 . V/O49 
O45 it 1/O4g 

CLKo/Io P} CLK2/I4 
Veco -—] GND 
NC 37128VP100 LE] NC 
GND L—] Veco 
CLK,/I; inna oats 

VO46 = AT 
YO47 p—] /O4g 
VO49 I O45 
VO49 L} WO44 
1/029 |_— /O43 
VOo4 }—} O42 
V/Oo9 = O44 
O03 -—] O49 

Veco r—] GND 
NC £2] 25 [I NC 

37128V-3 
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Configurations (continued) 


—_ 


Pin 


so8 
No OY 


SETSARSRASeorvETean- 


VOrg 
VO19 
VOzo/TCLK 
VOr4 
GNDo 
VOo4 
VOo5 
VOg 
V/Oao 
CLKo/lo 
Veco 
GND 
CLKy/\, 
VOzp 
VOz4 
VOzg 
VOae 
VOs7 
VOxg 
Vg 
GND 
Oxo 
VOxp 
VOra 


< 
re) 
ro) 
(eo) 


WAWWWWWWOWNHNNNNNN DNDN DN 
SSSASRSRSRSLSESESSNSRRSRVS 


1045 
1044 
1043 
/O42 
1044 


160 CJ Veco 


GND C=] 41 
VO4g C=} 42 
VO. C=] 4 


PRELIMINARY 


160-pin TQFP. 
Top View 
Q & NRkreatdtanRk 
SSSSSSSS $5 BEGSOSSIGS 


37128VP160 
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Ultra37128V 


Vcco LEZ] 80 


Veco 
VO444 
VO+10 
VO109 
1/0498/TDI 
VO407 
/O106 
1/0405 
V/O104 
GND 
VO403 
VO402 
1/0400 
Ogg 
/Ogg 
1/097 
VOgg 
CLKg/l4 
GND 
Veco 
CLKo/lg 
V/Og5 
O94 
/Og3 
/Oge 
O94 
/Og9 
Ogg 
V/Oge 
GND 
VOg7 
V/Oge 
/Ogs5 
VOg4 
/Ogs 
/Ogo 


1/091 
1/Ogo 
GND 


37128V-4 
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SSS zx PRELIMINARY Ultra37128V 

ss = CYPRESS 
Maximum Ratings Output Current into OUtDUS ............eeceseeceeeeeeeeeeeeeees 8 mA 
| Above which the GSBtUL litemay be impaled: For tiser guide: ere reso Ma ES ‘Guniaedasevaayataaeeaneees re 
Storage Temperature coecscccsccssscsssssseeesessn 65°C to +150°C Lateh-Up Current visciscciecssvasssaveshianbeccecieram cians ddavananvy >200 mA 
Ambient Temperature with Operating Rangel?! 
Power Applied ...........ccccccecesecsecceessesseseseseeees —55°C to +125°C 

Ambient 

Supply Voltage e Ground Potential ............... —0.5V to +7.0V Temperature!2] Voc 
DC Input Voltage ............ccccccecesssssseeeeeessreees —0.5V to +7.0V Industrial “40°C to+85°C | 3.3V +0.3V 
DC Program Voltage .....c.ccsececsscssscecesscsesesssssereeeseees 5V+5% Military’?! “55°C to4+125°C | 3.3V40.3V 


Electrical Characteristics Over the Operating Range 


Input LOW Voltage 


ie 

ere (Rieter ieiies 
Input HIGH Voltage 

ae 


loc-HS Power Supply Current!*! Per Logic 
Block - High Speed Mode 

loc-Lp Power Supply Current!*! Per Logic 
Block - Low Power Mode 


IBHHO Input Bus Hold HIGH Overdrive 
Current 


Notes: 


Ultra37000 family devices see the Ultra37000 family data sheet. 
Ta is the “instant on” case temperature. 

lo =—2 mA, Io, = 2 mA for SDO. 

These are absol 


problems caused by tester ground degradation. 


PN IPS 


each logic block. 


Test Conditions 
Ouipat HIGH Voltage 


Output LOW Voltage lo, = 8 mA#(COML) 


Guaranteed Input Logical HIGH voltage for | 2.0 
all inputs!®] 
Guaranteed Input Logical LOW voltage for | -0.5 
all inputs!*! 

-3 


Input Load Current V, = Internal GND, V; = Voc 
Output Leakage Current Vo = GND or Vec, Output Disabled 


Max., Vout = 0.5V 


Voc = Max., loyt = 0 mA, f = 1 MHz, 
Vin = GND or Voc 


Voc = Max., lout =0 mA, f=1 MHz, 
VIN = GND or Vec 


IBHL Input Bus Hold LOW Sustaining Voc = Min., Vi, = 0.8V +75 
Current 

IBHH Input Bus Hold HIGH Sustaining Vec = Min., Viyq = 2.0V 
Current 

IBHLO Input Bus Hold LOW Overdrive Voc = Max. 
Current 


Voc = Max. 


Output Short Circuit Current!’ Voc = 


Shaded areas contain advanced information. 


Ol ~ —) 
: (o>) on 
NI O o1 


(COML) 2.4 


loy = -3 MAM (MIL) 


lol = 6 mA (MIL) 
5.2 


LA 
ro 


0 —16 m 


mA 


© 
3 
> 


5 
> 


= 
> 


+500 | yA 


-500 | yA 


I 
7. ‘i 
Oo 


Normal Programming Conditions apply across Ambient Temperature Range for specified programming methods. For more information on programming the 


ute values with respect to device ground. All overshoots due to system or tester noise are included. 
Not more than one output should be tested at a time. Duration of the short circuit should not exceed 1 second. Voyt = 0.5V has been chosen to avoid test 


Tested initially and after any design or process changes that may affect these parameters. 
Measured with 16-bit counter programmed into the logic block. Total device power caiculated by summing the icc specifications for the mode of operation of 
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Inductance!” 
100-lead 


: 84-lead 160-Lead 
Parameter Description Test Conditions PLCC TQFP TQFP 
[L[ Maximam Pin inductance [Vy=50Vatt=twHz [8 [5 [98 | 


L ; 


nH 


Capacitance" | 


Input/Output Capacitance Vin = 5.0V at f = 1 MHz 


Endurance Characteristics”! | 
Test Condon |Win. typ. Unit 
|N | Minimum Reprogramming Cycles | _ Normal Programming Conditions | 1,000 | 10,000 


AC Test Loads and Waveforms 


| 295Q (COM'L) 295Q (COM'L) 
393Q (MIL) 393Q (MIL) _ ALLINPUT PULSES 
3.3V 3.3V 3.0V 
OUTPUT - OUTPUT 
| 340Q (COM'L) 340Q (COM'L) 

35 pF 453Q (MIL) 5 pF 4530 (MIL) = GND | 
INCLUDING = — | — — <2ns <2ns 
JIG AND A ~ INCLUDING ~ i | 
SCOPE JIG AND 

| ere (b) 37128V-5 (c) 37128V-6 


(a) 


Equivalent to: © THEVENIN EQUIVALENT 
| 158Q (COM'L) 
2702 (MIL) 1.77V(COM'L) 


OUTPUT O——~ww-——O__1.77V(MIL) 


Parameter"! Output Waveform--Measurement Level 


(d) Test Waveforms 


Note: 
9. te, measured with 5-pF AC Test Load and te, measured with 35-pF AC Test Load. 
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Switching Characteristics Over the Operating Range! 


37128V-125 37128V-83 
Parameter Description win. [Max [Win [Max | 


Combinatorial Mode Parameters 


es —_—a | ot 
oO; © © © 


o1 


Input to Combinatorial Output 


Input to Output Through Transparent Input or Output 
Latc 


Input to Output Through Transparent Input and Out- 
put Latches 


tea Input to Output Enable 
ter Input to Output Disable 
Input Register Parameters 


! 


tico Input Register Clock or Latch Enable to Combinato- 
rial Output 

tico Input Register Clock or Latch Enable to Output 
Through Transparent Output Latch 


Synchronous Clocking Parameters 
tco Synchronous Clock (CLKp, CLK;, CLK», or CLK3) or 
Latch Enable to Output 
Set-Up Time from Input to Synchronous Clock 55 
(CLKp, CLK,, CLKo, or CLK3) or Latch Enable 


Register or Latch Data Hold Time 

Output Synchronous Clock (CLKp, CLK;, CLKo, or 
CLK3) or Latch Enable to Combinatorial Output De- 
lay (Through Logic Array) 
Output Synchronous Clock (CLKy, CLK;, CLKo, or 
CLK3) or Latch Enable to Output Synchronous Clock 
(CLKp, CLK,, CLKs, or CLK3) or Latch Enable 
(Through Logic Array) 
Set-Up Time from Input Through Transparent Latch 10 
to Output Register Synchronous Clock (CLKp, CLK, 
CLK», or CLK3) or Latch Enable 

Hold Time for Input Through Transparent Latch from 
Output Register Synchronous Clock (CLKp, CLK;, 
CLKo, or CLK3) or Latch Enable 
Product Term Clocking Parameters 


Product Term Clock or Latch Enable (PTCLK) to Out- 
put 

Set-Up Time from Input to Product Term Clock or 
Latch Enable (PTCLKk) 

Register or Latch Data Hold Time 3 


Set-Up Time for buried register used as an input reg- 
ister from Input to Product Term Clock or Latch En- 
able (PTCLK) 


+ 
ook, —k 
&; - ol WO; Oo 


D 
tebe 


1 1 


tppLL 


—_k 


hk 


= 
= 


+ 

” 
a 
n 


ot | ot 
= 


pias 
= 


oo, 


= 
aS 
— 
i<@) 


oh, 
NO 


©) 
Oo 


ag 


- - 


— 
ce) 


tco2" ’ 


tscs 


—_ a 
aN 


+ 
¢p] 
~ 


tHL 


woh 
Oo 


ie) 
N 


= 
QO 
O 
35 
4 


a 


eit) & 
O 

“O.| x 
Sila} oa 


Notes: 


10. All AC parameters are measured with 16 outputs switching and 35-pF AC Test Load. 
11. Logic Blocks operating in low power mode, add t,p to this spec. 
12. Outputs using Slow Output Slew Rate, add tg cw to this spec. 
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Switching Characteristics Over the Operating Range!'®! (continued) 


| ~ 37128V-125. | ~~: 37128V-83 
Parameter Description Win. [Max [Min [Max 
tpt Buried Register used as an input register or Latch 14 
Data Hold Time 
tcoppr’ Product Term Clock or Latch Enable (PTCLK) to Out- 16 21 
put Delay (Through Logic Array) 


Pipelined Mode Parameters 


tics’ Input Register Synchronous Clock (CLKp, CLK, 12 
CLKo, or CLK3) to Output Register Synchronous . 
Clock (CLKp, CLK;, CLKs, or CLK3) 


Operating Frequency Parameters 

fMaxi Maximum Frequency with Internal Feedback (Least 125 83 MHz 
of 1/tgcg, 1/(tg + ty), or 1/tgo)!7] 

fmaxe Maximum Frequency Data Path in Output Regis- 153.8 125 MHz 
tered/Latched Mode (Lesser of 1/(tw_ + twy), 1/(ts + 
ty), or T1/teo) 

fMAX3 Maximum Frequency with External Feedback (Less-| 83.3 62.5 MHz 
er of 1(tco + ts) or 1/(twe a twr)) 

fMaxa Maximum Frequency in Pipelined Mode (Least of 125 MHz 
(te + tis), ics, V(twe + twu), 1(tig + thy), Or 
1/tgcs) | 


Reset/Preset Parameters — 

[tan _____| Asynchronous Reset Recovery Time" | 12 

fing!" [Asynchronous Resetto Output | 

iw [Asynchronous Preset wieth ———~SC~dSYSS*TC 
[ier | Asynchronous PresetRecovery Time) v2 | 
ipo!" Asynchronous Presetto Output SSCS 
User Option Parameters 

fie ——~—=«iLow Power Adder —SSSC~—CS—~—S—s—sSST SCT 
‘sew | Siow OutputSiew Rate Adder ——=S=S~—‘—wCSCiSGSC“‘“aR!S~SCdYSSCSC*‘dzC ST 


Tap Controller Parameter 


Timp [Tap ConivolerFrequency —=SSCSC~idCSC“‘*‘“‘“(!™OC~C*YSSSC*dS;COUO SC 


_ woah 
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Switching Waveforms 


Combinatorial Output 
INPUT 


tpp 


COMBINATORIAL 
OUTPUT 
37128VV-11 


Registered Output with Synchronous Clocking 


INPUT 


ts ty 


SYNCHRONOUS 
CLOCK 


REGISTERED 
OUTPUT 


REGISTERED 
OUTPUT 


SYNCHRONOUS 
CLOCK 37128VV-12 


Registered Output with Product Term Clocking 
Input going through the Array 


INPUT 


PRODUCT TERM 
CLOCK 


REGISTERED 
OUTPUT 


—_—_—_—_—— re 
twee 


tWH 


PRODUCT TERM 
CLOCK 37128VV-12 
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Switching Waveforms (continued) 


Registered Output with Product Term Clocking 
Input coming from Adjacent Buried Register 


INPUT 


PRODUCT TERM 
CLOCK 


twe 
87128VV-12 


REGISTERED 
———_—_—> 


OUTPUT 
twH 


PRODUCT TERM 
CLOCK 


Latched Output 
tal 


INPUT 
. ty 


LATCH ENABLE 
tppL— > 
37128VV-13 


LATCHED 
OUTPUT 


Registered Input 
tH 


REGISTERED 
INPUT 
tis 


tico 


INPUT REGISTER 
CLOCK 


COMBINATORIAL 
OUTPUT 
twH —— twe 


CLOCK 
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Switching Waveforms (continued) 


Clock to Clock 


INPUT REGISTER 
CLOCK 
tics ”: tscs 
37128VV-15 


OUTPUT 
REGISTER CLOCK 


Latched Input 
_—_—S 


LATCHED INPUT 
tis r tH 
LATCH ENABLE 
tpp. tico 

COMBINATORIAL 

OUTPUT 

twH tw 

37128VV-16 


LATCH ENABLE 


Latched Input and Output 


LATCHED 
OUTPUT 
tico 


INPUT LATCH 
ENABLE 
tics —” 


OUTPUT LATCH 
ENABLE 


——— lh 
tw 
37128VV-17 


LATCH ENABLE 
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Switching Waveforms (continued) 


Asynchronous Reset 
| taw 


INPUT 
tro 
REGISTERED YY 
OUTPUT XKXXMXK_| 
taR . 
CLOCK 
37128VV-18 
Asynchronous Preset 
tw 
INPUT > Ga, 
tpo 
REGISTERED WV V4 M4 
OUTPUT XXXXK_| 
tpR 
CLOCK 
37128VV-19 
Output Enable/Disable 
tea 
Sd L£/L/ 
LLL NAXAA 
37128VV-20 


OUTPUTS 
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Package Operating 
Ordering Code Name Package Type Range 


CY37128VP84—154JC 84-Lead Plastic Leaded Chip Carrier 


154 


CYa7i28VPTO0-TS4AC 
CY37128VP160-154AC 160-Pin Thin Quad Flatpack 
CY37128VP84—154uI '84-Lead Plastic Leaded Chip Carrier 

"{00-Pin Thin Quad Flatpack 
[eva7izevPi60-is4al_|~Ai60_| 160-Pin Thin Quad Fiatpack | 

125 | CY37128VP84—125JC Commercial 
CYS7I2BVPTO0—T25AC 
CY37128VP160-125AC 


| 84-Lead Plastic Leaded Chip Carrier | Industrial ae 


Industrial 


83 

CY37128VP84—125JI 

CY37128VP100-125AI | E 
CY37128VP160-125AlI A160 | 160-Pin Thin Quad Flatpack 

CY37128VP84-—83JC 84-Lead Plastic Leaded Chip Carrier 


100-Pin Thin Quad Flatpack — 


Commercial 
CY87128VP100-89AC 
CYS7126VP160-B3AC 


CY37128VP160-83Al_ A160 


Shaded areas contain advanced information. 


84-Lead Plastic Leaded Chip Carrier | Industrial 
100-Pin Thin Quad Flatpack at 
160-Pin Thin Quad Flatpack 


Ultra37128V 


ISR, UltraLogic, FLASH370, Ultra37000, and Warp2Sim are trademarks of Cypress Semiconductor Corporation. 


Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 
ABEL is a trademark of Data 1/O Corporation. 

LOG/iC is a trademark of Isdata Corporation. 

CUPL is a trademark of Logical Devices Incorporated. 
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Ultra37256 
UltraLogic™ 256-Macrocell ISR™ CPLD 


Features __¢ Product-term clocking 

¢ IEEE1149.1 JTAG boundary scan 

¢ Programmable slew rate control on individual I/Os 
¢ Low power option on individual logic block basis 


* 256 macrocells in sixteen logic blocks 
¢ In-System Reprogrammable (ISR™) 


— JTAG compliant on board programming _ « 5V and 3.3V I/O capability 

— Design changes don’t cause pinout changes - Bus Hold capabilities on all I/Os 

— Design changes don’t cause timing changes « Simple Timing Model 
¢ Up to 192 I/Os - Fully PCI compliant!) 

—plus 5 dedicated inputs including 4 clock inputs ¢ Available in 160-pin TQFP, 208-pin PQFP and 256-lead 
» High speed poe Peenegee: 7 

¢ Pinout compatible with all other Ultra37000 family 

— fax = 154 MHz CPLDs . 

—tpp =7.5ns 

—ts = 4.5 ns 

—tceo = 5.0 ns 


Logic Block Diagram 


ve 
- ae 


12 
09-044 = 9 P — 1/0480-/0494 


12 1/Os pals, 
16 S <> W/O168-1/0479 


12 1/Os 
5 ‘i — W/O156-1/O167 


C 
VOg6-WO47 0 => VOjgeVOigs 


12 1/Os 12 1/Os 
VO4g-VOs9 1 — WO439-1/0443 


12 1/Os 12 1/Os 


VOgo-VO74 } : 0 <> 11049-0434 
12 1/Os Tae 8 12 1/Os 
V/O72-1/Og3 7 — VO, os" W/O, 19 


H— /Og¢-1/0; 07 


37256-1 
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Functional Description 


The Ultra37256 is an In-System Reprogrammable (ISR) Com- 
plex Programmable Logic Device (CPLD) and is part of the 
Ultra37000™ family of high-density, high-speed CPLDs. Like 
all members of the Ultra37000 family, the Ultra37256 is de- 
signed to bring the ease of use and high performance of the 
22V 10 to high-density PLDs. 


The 256 macrocell Ultra37256 is available in register intensive 
and I/O intensive versions. The Ultra37256P160 features 128 
Buried and 128 I/O Macrocells while the Ultra37256P208 fea- 
tures 96 Buried Macrocells and 160 I/O Macrocells, for register 
intensive designs which require small footprint devices. The 
Ultra37256P256 I/O intensive device has 192 I/O macrocells 
and 64 Buried macrocells. 


For a more detailed description of the architecture and fea- 
tures of the Ultra37256 see the Ultra37000 family data sheet. 


Fully Routable with 100% Logic Utilization 


The Ultra37256 is designed with a robust routing architecture 
which allows utilization of the entire device with a fixed pinout. 
This makes Ultra37000 optimal for implementing on board de- 
sign changes using ISR without changing pinouts. 


Simple Timing Model 


The Ultra37256 features a very simple timing model with pre- 
dictable delays. Unlike other high-density CPLD architectures, 
there are no hidden speed delays such as fanout effects, inter- 
connect delays, or expander delays. The timing model allows 
for design changes with ISR without causing changes to sys- 
tem performance. 


2 PRELIMINARY 


Ultra37256 


Low Power Operation 
Each Logic Block of the Ultra37256 can be configured as ei- 


ther High-Speed (default) or Low-Power. In the Low-Power 


mode, the logic block consumes 50% less power (9.3 mA 
max.) and slows down by 5 ns. 


Output Slew Rate Control 


Each output can be configured with either a fast edge rate 
(default) for high performance, or a slow edge rate for added 
noise reduction. In the fast edge rate mode, outputs switch at 
3V/ns max. and in the slow edge rate mode, outputs switch at 
1V/ns max. There is a 2-ns delay for I/Os using the slow edge 
rate mode. 


In System Reprogramming 


The Ultra37256 can be programmed in system using IEEE 
1149.1. complaint JTAG programming protocol. The 
Ultra37256 can also be programmed on a number of traditional 
parallel! programmers including Cypress’s /mpulse3™ pro- 
grammer and industry standard third-party programmers. For 
an overview of ISR programming, refer to the Ultra37000 Fam- 
ily data sheet and for ISR cable and software specifications, 
refer to INSRkit: ISR programming data sheet (CY3600). 


Design Tools 


Development software for the Ultra37256 is available from 
Cypress’s Warp™ or third-party bolt-in software packages as 
well as a number of third-party development packages. Please 
refer to the Warp or third-party tool support data sheets for 
further information. 
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Pin Configurations 


160-pin TQFP 
Top View » 
=z 

GG aie e- S ° SORSRERARSH eR2tELY Tea 
ae FSS EF eo oF pow rons 08 ga SSS ToS ae | 
SLOLPHOLSSLSFLLSESee ee YsgyreELLeeeooeFeEegeeeseIgs 
OOoOemonm~ OW +t ON Oonpnworne © On OoOnoaoen oOo Ww tt © ooo nh CO WW oo ON 
onnMnwMwwo WwW ww Ww BSB@FSEBSISY S$<BS8B85S BABS SRSRaARAARA 
Te) OR Ore re ye ore oor Tse oe ee re To see ee eee oe Te ore ore ae ee oe oe 


GND C=] 1 LL} Voco 
/0,,C2——] 2 pl 1/0544 
/0,,L=] 3 eel 0440 
O18 es [oe ‘WO109 
/0O,,0 5 a V/O498/TDI 
V/Oo/TCLKLEL_ 6 Led 1/0107 
/0,, =] 7 p——t 1/0106 
/Or2, 8 pet 1/0105 
Oo2;3L] 9 eed 1/0494 
GND,p LF 10 at GND 
1/054 11 J) 1/0198 
Oo, La 12 Ld 1/0102 
1/0o, LL} 13 eed 1/0404 
1/027 =} 14 nt 1/0400 
1/02, Dy 15 Lee! 1/Ogg 
V/Oo9 Ld 16 ; /O9g 
1/03, C17 a! 1/097 
/03, J 18 1 '/Ogg 
CLK)/|) LF 19 eed CLKa/l4 
Voco beeen]: 20 37256P160 r—— GND 
GND CJ 21 bored Vises 
CLK,/i, Dy 22 Led CLK/I3 
1/032 Za} 23 ed 1/Ogs 
V/Oz3 24 ————] V/Og4 
/O34 Ca 25 ———) /Og3 
/O3, Cd 26 Lend |/Ogo 
1/036 Lad 27 —————— 1/09; 
1/037 J 28 TT] Og 
/Ozg J 29 [1 !/Ogo 
/Oz393 DJ 30 i] |/Ogg 
GND Co} 31 —___] GND 
1/04, Da] 32 eed I/Og7 
/0,, J 33 Yd VOge 
1/04, Ly 34 I V/Ogs 
1/043 Leen 35 Og, 
1/044 Le 36 1 /Og3 
VOg5 Lo 37 i] 1/Oge2 
104g Lend 38 Leet 1/Op; 
/O,7 D9 39 —) 1/Ogo 
Vcco J =40 | GND 
SYLSILLELSSERSSSSESSSSISTSSSSSLEKKEKLRLLG 
SSS HSS FSP SSSSIFIS BO GFSSSSIE SZ ELE LI ELE B 
ae Re ieee eee ene oe cre et > 0 Skt Sa aa 3 3 2 SSS Se ae 37256-3 
g 2) 
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Pin Configurations (continued) 


208-pin PQFP 
Top View 


GND LJ 


1 
VOoo LJ 2 p— 0138 
VO,, C=] 3 pomeed 1/0437 
VOo, 4 p—! VO136 
Oo, LJ] 5 a! 1/0455 
/O,, (— 6 Levene 1 LI 
TCLK E47 I Gp 
VOo5 C8 enaemeve 0434 
Oo, —— p—} 1/0133 
0,7 — p— 1/0132 
V/Oog — — 0434 
VOr5 H—! 0430 
GND ee GND 
VO%9§ —— p—! WV/O129 
O34 ian — V/O1428 
VO. pt V/O107 
O33 —— p—} 1/0426 
/0z, — pt VO105 
GND p—t 1/0124 
/O,, — pt WVO423 
Oz, —— p—t V/O122 
O37 __ p—t 0404 
/033 37256P208 pt VO420 
Os9 SS Ld} CLK 3/4 

CLKp/|p) Lame GND 
GND p—— Veco 
Veco +—J -—] GND 
GND Co ped Voc 

CLK,/, et CLK>/I3 
04,9 = p——t 1/0149 
/0,, = p——! V/O118 
O42 -— — VO447 
/0,, pt 1/0446 
VO44 =a _— ae 
/O,4, eve GND 
VO4g Eanes _—— VO444 
/0,7 = p—} 1/0443 
VO4g Lmsssee — VO412 
VO4, — p—} 1/0454 
GND —— aie 
/Ocs o Cn _— 

VO, —— 1 1/0409 
VOs. p—} V/Or08 
VOs3 | nee 0407 
VOs4 a eas VO196 
GND H—! VO405 
/O5, ped 1/0404 
/Os_ —— -— VOj03 
VOs7 C— J 1/0192 
VOsg — nae VO4+04 
/O55 —— p—! 1/0100 
— —— 


Veco 
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Maximum Ratings DC Voltage Applied to Outputs | | 
I FIIGH: Z: StAtO iownctmes see Soe sceetseeceementeeecaeepteweds —0.5V to +7.0V 
(Above which the useful life may be impaired. For user guide- DC Input Voltage ............::ccccccesesssssssssteeeeeeees —0.5V to +7.0V 
lines, not tested.) nap et vat 
StoiSS THIN BORAT S Yacioresccinteemtnaned 65°C to +150°C C Program ‘ OS esse te cvectndacteith sec sicezateeasnactslewseanes +5% 
: Output Current into Outputs ............. ccc eceeeeesseeteeeeeee 16 mA 
Ambient Temperature with ieee 
Power Applied .........cccccccececssseseseseececereeeeeenes —55°C to +125°C Static Discharge VoltagQe...........:ccccccccccccecsecseesessssseeees >2001V 


(per MIL-STD-883, Method 3015) 


Supply Voltage to Ground Potential ............... —0.5V to +7.0V 
_ Bath p: Cum nt icsscxerdennbossnsasestiaveccatasteaneauveaatinn >200 mA 


Operating Range”! 


Ambient Output 
Range Temperature!2! | Condition Vec Veco 


Tavatos | avito% 
—Tevei0% | avi i0% 
5V410% | 3.3V+0.3V 


Commercial 0°C to +70°C 5V +5% BV + 5% 


5V 


‘Industrial 


| 40°C to +85°C 


Military) | ~55°C to +125°C | 
Shaded areas contain advance information. | 


Electrical Characteristics Over the Operating Range 


Teat Conditions 
Output HIGH Voltage loy =-3.2 mA’ 
Output LOW Voltage lo. = 16 mAM 


Input Load Current V, = Internal GND, V; = Vcc 
Output Leakage Current Vo = GND or V¢c, Output Disabled 


Input LOW Voltage Guaranteed Input Logical LOW voltage for | -0.5 
all inputs 


flog -——«| Output Short Circuit Current!®: / Voc = Max., Voyt = 0.5V 
loc-Hs Power Supply Current'*! Per Logic | Voc = Max., lout = 0 mA,f = 1 MHz, 
Block - High Speed Mode Vin = GND or Voc 


Icc-Lp Power Supply Current'?! Per Logic Vec = Max., lout = 0 mA,f = 1 MHz, 
Block - Low Power Mode Vin = GND or Voc 


IBHL Input Bus Hold LOW Sustaining Vec = Min., Vi_ = 0.8V +75 uA 
Current 


VoH 
VoL 
ViH 
Vit 
lx 
loz 
los 


IBHH Input Bus Hold HIGH Sustaining Vec = Min., Viy = 2.0V | 
Current | 
IBHLO Input Bus Hold LOW Overdrive Voc = Max. 
Current 
IBHHO Input Bus Hold HIGH Overdrive Vcc = Max. 
Current aS 


Notes: 

Normai Programming Conditions apply across Ambient Temperature Range for specified programming methods. For more information on programming the 
Ultra37000 family devices see the Ultra37000 family data sheet. : 

Ta is the “instant on” case temperature. 

lon = -2 MA, Io, = 2 MA for SDO. 

These are absolute values with respect to device ground. All overshoots due to system or tester noise are included. 

Not more than one output should be tested at a time. Duration of the short circuit should not exceed 1 second. Voyry = 0.5V has been chosen to avoid test 
problems caused by tester ground degradation. 

Tested initially and after any design or process changes that may affect these parameters. 

erent om 16-bit counter programmed into the logic block. Total device power calculated by summing the loc specifications for the mode of operation of 
each logic block. 


ON OMA ND 


3-38 


/ 


P< PRELIMINARY | 7 
# OS 


=u 


Inductance"! | a 


Test Conditions 160-lead TQFP | 208-lead POQFP 


Capacitance"! 


Input/Output Capacitance Vin = 5.0V at f = 1 MHz 
Clock Signal Capacitance Vin = 5.0V at f = 1 MHz 12 


Endurance Characteristics!” 


Test Conditions [Win | yp 
/N | Minimum Reprogramming Cycles | Normal Programming Conditions 


AC Test Loads and Waveforms 


238Q (COM'L) 238Q (COM'L) 
319Q (MIL) 319Q (MIL) ALL INPUT PULSES 
5V 5V 3.0V 
OUTPUT OUTPUT 
170Q (COM'L) 1702 (COM'L) 
35 pF 236Q (MIL) 5 pF 236Q. (MIL) GND 
INCLUDING = == ab — <é2ns <2ns 
JIG AND ~ a INCLUDING — ~ 
SCOPE WIG ANB 
(a) (b) 37256-4 (c) 37256-5 
Equivalent to: © THEVENIN EQUIVALENT 
99Q (COM'L) 


136Q (MIL) 2.08V(COM'L) 


37256-8 


OL 
37256-9 


(d) Test Waveforms 


Note: 
9. tepR measured with 5-pF AC Test Load and te, measured with 35-pF AC Test Load. 
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Switching Characteristics Over the Operating Rangel'®! 


——— 
Parameter Description | Min. | Max. | Min. | Max. | Min. | Max. | 


Combinatorial Mode Parameters 
pal" [Input to Combinatorial Oui ee 
Input to Output Through Transparent Input or Out- 18 
put Latch : 
Input to Output Through Transparent Input and 
Output Latches 


Input to Output Enable 
ten Input to Output Disable Pf 14 
Input Register Parameters 
Clock or Latch Enable Input LOW Time : es ae 
Clock or Latch Enable Input HIGH Time re ae 
Input Register or Latch Set-Up Time 2 ie ie 
Input Register or Latch Hold Time — 2 P 2 ] | 
me 
aie 


Input Register Clock or Latch Enable to Combina- 
torial Output 
a 


—- + -~ 
m Uv U 
—~ iz 
- 
—_) ot —_ —_=!| N 
—_] N O;1on 


—| ah 
O| © co 


- 


ot and wot] st | st 
re) re) wo |= {|= 
o| o z 


NO} Nh 
Or; O1 
_ co 


Input Register Clock or Latch Enable to Output 
Through Transparent Output Latch 
Synchronous Clocking Parameters 


tco Synchronous Clock (CLKp, CLK, CLK», or CLK3) 
or Latch Enable to Output 


Set-Up Time from Input to Synchronous Clock 4.5 
(CLKyp, CLK,, CLKy, or CLK3) or Latch Enable 
Register or Latch Data Hold Time 


Output Synchronous Clock (CLKyp, CLK;, CLKo, or 
CLK3) or Latch Enable to Combinatorial Output 
Delay (Through Logic Array) 


Output Synchronous Clock (CLKp, CLK, CLKo, or 
CLK3) or Latch Enable to Output Synchronous 

Clock (CLKg, CLK, CLKs, or CLK) or Latch En- 
able (Through Logic Array) | 


Set-Up Time from Input Through Transparent 
Latch to Output Register Synchronous Clock 
(CLKp, CLK,, CLK», or CLK3) or Latch Enable 


tH Hold Time for Input Through Transparent Latch 


from Output Register Synchronous Clock (CLKo, 
CLK,, CLKop, or CLK3) or Latch Enable 


Product Term Clocking Parameters | 


Product Term Clock or Latch Enable (PTCLKk) to 
Output 


Set-Up Time from Input to Product Term Clock or 
Latch Enable (PTCLK) 


tupT Register or Latch Data Hold Time 


tispT Set-Up Time for buried register used as an input 
register from Input to Product Term Clock or Latch 
Enable (PTCLk) | 

tiupT Buried Register used as an input register or Latch 

Data Hold Time 


8 


11 
1 


5 


—_. 


(6p) 


x= 


+ + ~ 
wo 
O 
” 


tco2" ’ 


~~ 
ep) 
- 


dd 
oO 


— 

© 

ae = 

ol Ve) 
—_ 
© 


tcoptT ’ 


tgpT 


” 


>) 


— 
NO © 
EE 


—_ | ook 
& Nh Ni 


me) 


mM} 
o1 OT 


a 
Notes: 


10. All AC parameters are measured with 16 outputs switching and 35-pF AC Test Load. 
11. Logic Blocks operating in low power mode, add tp to this spec. 
12. Outputs using Slow Output Slew Rate, add tg; ew to this spec. 
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Switching Characteristics Over the Operating Range!'®! (continued) 


Product Term Clock or Latch Enable (PTCLK) to 
Output Delay (Through Logic Array) 


bes 
Pipelined Mode Parameters 
tics’ Input Register Synchronous Clock (CLKp, CLK,, 
CLKo, or CLK3) to Output Register Synchronous 
Clock (CLKp, CLK;, CLK», or CLK3) 


Operating Frequency Parameters 


fMAxt Maximum Frequency with Internal Feedback 83 MHz 
(Least of 1/tgcg, 1/(tg + ty), OF 1/teo)!7! 


fuaxe Maximum Frequency Data Path in Output Regis- | 200 BE le 8 125 MHz 


tered/Latched Mode (Lesser of 1/(tw_ + tw), 1/(ts 


+ ty), or 1/tco) 
fMAX3 Maximum Frequency with External Feedback 83.3 62.5 MHz 
(Lesser of 1/(tco + ts) or 1/(twy + twH)) 
fMax4 Maximum Frequency in Pipelined Mode (Least of ial 125 MHz 
1/( oo, + tis), T/tics, 1/(twr + twu), T/(tis + ty), or 


Reset/Preset sop 

aw [Asynehronous Reset wid 8 [| OTT 8 TC 
[tan [Asynchronous Reset Recovery Time [40 [—s[ 2 || 7 | ns 
ial [Asynchronous Reset to Output |S] | | te || at os | 
[few [Asynchronous Presetwiat™T [eT | tO fT 
fien ____[Asynohronous Preset Recovery time [40 [| 2 [| 7 [ns 
[ipl I [Asynchronous Presetto Output | S| | iT 16 [| a vs 
User Option Parameters 

ip —C*LowPowerAdderC“‘iSCSESSP TCT OTC 
‘isan [Slow OutputSiewRateAdder | 2 | 2 | dT 2 |i os 


Tap Controller Parameter 


Trae _____‘[TapControlerFrequency SSCS] |S 
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Switching Waveforms 


Combinatorial Output 


INPUT 
37256-10 


COMBINATORIAL 
OUTPUT 


Registered Output with Synchronous Clocking 


INPUT 


SYNCHRONOUS 
CLOCK 


REGISTERED 
OUTPUT 


REGISTERED 
OUTPUT 


tWH 
37256-11 


SYNCHRONOUS 
CLOCK 


Registered Output with Product Term Clocking 
Input going through the Array | 


INPUT 


PRODUCT TERM 
CLOCK 


REGISTERED 


OUTPUT 
37256-12 


PRODUCT TERM 
CLOCK 
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Switching Waveforms (continued) 


Registered Output with Product Term Clocking 
Input coming from Adjacent Buried Register 


INPUT 


PRODUCT TERM 
CLOCK 


REGISTERED 
OUTPUT 
twH = tw 
. 37256-13 


PRODUCT TERM 
CLOCK 


Latched Output 
—— nn 


INPUT 
= tut 


~— tco 


LATCH ENABLE 
37256-14 


tppL 


LATCHED 
OUTPUT 


Registered Input 


REGISTERED 
INPUT 
tis tH 


tico 


INPUT REGISTER 
CLOCK 


COMBINATORIAL 
OUTPUT 
7 twe 


CLOCK 
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Switching Waveforms (continued) 


Clock to Clock 


INPUT REGISTER 
CLOCK 


enn 


tics tscs 


OUTPUT 


REGISTER CLOCK 
37256-16 


Latched Input 


ig tH 
LATCH ENABLE 
tepL > <— tog 
COMBINATORIAL 
OUTPUT 
twH twe 


LATCH ENABLE 
37256-17 


Latched Input and Output 


ep eee ae J Ga, 
LATCHED 
OUTPUT GEE TE ae 


tico tg, 
INPUT LATCH i 
ENABLE 
tics —” 
OUTPUT LATCH 
ENABLE 
twH 2 two 


LATCH ENABLE 
37256-18 
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Switching Waveforms (continued) 


Asynchronous Reset 
taw 


INPUT 
tro 
XXXXK__| 


REGISTERED 
OUTPUT 


/ 


37256-19 


CLOCK 


Asynchronous Preset 
tpw 


tp 


INPUT 
O 
XXKXK 


REGISTERED 
OUTPUT 


tpr 


CLOCK 


Output Enable/Disable 
tEA 


INPUT 
Fils 
NAAA 


SIA 
LLL/ 


OUTPUTS 


37256-20 


37256-21 
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Ordering Information | 


Ordering Code Name 7 Package Type Range 
[Cva7266°008-1S4NC | N208 | 208-Pin Plasto Quad Flatpack 


CY37256P208-125NC N208 208-Pin Plastic Quad Flatpack 
CY37265P256-125BGC BG256- | 256-Lead Ball Grid Array 


; Indusrtia 


|| 160-Pin Thin Quad Flatpack —__| Indusr 


83 Comme 


‘CY37256P160-83Al =| ~~ A160 ‘(| 160-Pin Thin Quad Flatpack =| Indusrtial. | 
CY37256P208-83NI. | - | 208-Pin Plastic Quad Flatpack =f 


Shaded areas contain advance Information. 


ISR, UltraLogic, FLASH370, Ultra37000, InSRkit, and Warp2Sim are trademarks of Cypress Semiconductor Corporation. 
Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 


Document #: 38-00474-A 
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UltraLogic™ 256-Macrocell 3.3V ISR™ CPLD 


Up to 192 I/Os 

—plus 5 dedicated inputs including 4 clock inputs 
Product-term clocking 

IEEE1149.1 JTAG boundary scan 

Programmable slew rate control on individual I/Os 
Low power option on individual logic block basis 
Bus Hold capabilities on all I/Os 

Simple Timing Model 

Fully PCI compliant!” 


Available in 160-pin TQFP, 208-pin PQFP and 256-lead 
BGA packages 


Pinout compatible with all other Ultra37000 family 
CPLDs . | 


Features 


¢ 256 macrocells in sixteen logic blocks 

¢ IEEE standard 3.3V operation 

—3.3V ISR 

— 5V tolerant 

3.3V In-System Reprogrammable (ISR™) 
—JTAG compliant on board programming 

— Design changes don’t cause pinout changes 
— Design changes don’t cause timing changes 
High speed | 

— fax = 125 MHz 

—tpp = 10 ns 

—ts = 5.5 ns 

—teo = 6.5 ns 


j ' Input Clock/ | t 
Logic Block Diagram ock/ Inpu 


12 1/Qs LOGIC 
VOg-VO1,, re [AB — = VO4@9-H/0494 
12 1/Os 12 1/Os 
VO42-V/Oo3 ° 5 > WO168-V0179 
12 10s 
mae: 12 1/08 


1/O3¢-/0 G <> 0444-0 
36-047 uM 144-0155 


12 1/Os 12 1/Os 
VO4g-VOs9 ; — WO432-VO443 


E 
12 1/0s She _35_ 12 1/Os 


1/Ogo-V/O <> W/Oj429-I/0 
60°71 rc K 120°74131 


12 1/Os 12 1/Os 
/O72-W/Og3 G ¥ — 1/04908-1/0, 19 


12 1/0s 12 1/0s 
/Og4-W/Og5 ~ = WOg¢6-V0407 


JTAG Tap 37256V-1 
Controller 


Selection Guide 


CB VTOE [ERTIES 
Minimum SetUp,ts(ms)— SS SSSSCS~C~C~“~sCS~S~S~S~i CdS 
[Maximum Clockto Output gots) ————SSSCSC~—~—SsS—iSSCC CT 


Note: 
1. Due to the 5V tolerant nature of the I/Os, the I/Os are not clamped to Vcc. 
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| Functional Description 


_ 


The Ultra37256V is an In- -System_ Reprogrammable (ISR) : 


Complex Programmable Logic Device (CPLD): and is part of 
the Ultra37000™ family of high-density, high-speed CPLDs. 
Like all members of the Ultra37000 family, the Ultra37256V is 
designed to bring the ease of use and high performance of the 
22V10 to high-density PLDs. 


The 256 macrocell Ultra37256V is available in register inten- 
sive and I/O intensive versions. The Ultra37256VP160 fea- 
tures 96 Buried and 160 I/O Macrocells while the 
Ultra37256VP208 features 64 Buried Macrocells and 192 I/O 
Macrocells, for register intensive designs which require small 
footprint devices. The Ultra37256VP256 I/O intensive device 
has a I/O pin for each macrocell. 


For a more detailed description of the architecture and fea- 
tures of the Ultra37256V see the Ultra37000 family data sheet. 


Fully Routable with 100% Logic Utilization 


The Ultra37256V is designed with a robust routing architecture 
which allows utilization of the entire device with a fixed pinout. 
This makes Ultra37000 optimal for implementing on board de- 
sign changes using ISR without changing pinouts. 


Simple Timing Model 

The Ultra37256V features a very simple timing model with pre- 

dictable delays. Unlike other high-density CPLD architectures, 

there are no hidden speed delays such as fanout effects, inter- 
connect delays, or expander delays. The timing model allows 

for design changes with ISR without causing changes to sys- 

tem performance. 
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‘Low Power Operation 


Each Logic Block of the Ultra37256V can be configured as 
either High-Speed (default) or Low-Power. In the Low-Power 
mode, the logic block consumes 50% less power (9.3 mA 
max.) and slows down by 6 ns. 


Output Slew Rate Control 


Each output can be configured with either a fast edge rate 
(default) for high performance, or a slow edge rate for added 
noise reduction. In the fast edge rate mode, outputs switch at 
3V/ns max. and in the slow edge rate mode, Outputs switch at 
1V/ns max. There is a 2-ns adder for I/Os using the slow edge 
rate mode. 


In System Reprogramming 


The Ultra37256V can be programmed in system using IEEE 
1149.1 complaint JTAG programming protocol. The 
Ultra37256V can also be programmed on a number of tradi- 
tional parallel programmers including Cypress’s /mpulse3™ 
programmer and industry standard third-party programmers. 
For an overview of ISR programming, refer to the Ultra37000 
Family data sheet and for ISR cable and software specifica- 
tions, refer to INSRkit: ISR programming data sheet (CY3600). 


Design Tools 


Development software for the Ultra37256V is available from 
Cypress’s Warp™ or third-party bolt-in software packages as 
well as a number of third-party development packages. Please 
refer to the Warp or third-party tool support data sheets for 
further information. 
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Pin Configurations 


160-pin TQFP 
Top View 
ai 
~ © Ho + ON rr O oO onan ownwrtnn 
8 22 SX Ee wo wD er ovo wo we o BO og SHAII8 tO Se eee rere 
SFLESLSLLLELLLFYELLLLNLLQOL GF VELL LOLLLLFLLLLLL LVS 
ODOR O WO ON OOO nrK © WH is) onan ow On ONnDOR O© WO ON 
SB5B5G8B888B8 BeSSeEBSSeISY SRBSESASSBBS SBAUKAANAAA 
be ee a ee i, co oa bel ee el ee ee ee ee eel need a eS OS ee er ae ee oa re a ee Or Oe re oe. 


GND Co) 1 et VCO 
/0O,CoWZ] 2 eel O45 
VO, Co] 3 —— 0410 
/O;g3 —_—_ 4 p—— 1/0409 
VO, Cou] 5 J] 1/0498/TDI 
VOoo/TCLK LJ 6 I 1/0407 
Oo, 7 pt 1/0106 
/Or2. J 8 J) 0405 
/Oo3 =] 9 1/0404 
GNDp LL} 10 1 GND 
YOo, La 11 1/0403 
O25 LJ 12 C————] 1/0402 
VOog LF 13 1/0404 
V/Oo7 LJ 14 ————} 0199 
V/Oog DoJ 15 TI 1/099 
O29 CJ 16 I) /Oa9 
O39 LJ 17 1/097 
/O3, CJ 18 P| 1/Ogg 
CLK)/lp Do} 19 Pe) CLKa/l4 
Veco ———J_ 20 J} GND 
GND CX 21 Eee Vere 
CLK,/I, 3 22 37256VP160 —es CLKo/l3 
YO32 LJ 23 TJ /Ogs 
033 Do] 24 4/094 
VOx4 Lo] 25 PJ O93 
Oz, C26 J 1/092 
Oz, L427 I 1/091 
O37 SF 28 1 1/Og0 
V/Ozg C=] 29 ——___} 1/Ogo 
V/Oz9 Lt 30 —___] 1/Ogg 
GNDLO 31 J GND 
O49 L—_—_—}_ 32 1/037 
Og, Le 33 —_____] |/Oge 
V/O4o Co 34 1 /Ogs 
VO43 Lee 35 dd W/Og4 
VOg4 Lael 36 ——_-] 1/083 
O45; J} 37 [_——] !/Oge 
V/O4g L——_—eny 38 aed On; 
VO47 Lae 39 T——! 1/Ogo 
Veco =] 40 ——__} GND 
TYSIISSESESCISRESSSRBRSBESSSSISSESESSESSRERRAEKRKRRRKREG 
Q 
BSSEFZISSE?FFSIF EGS 382 SFFFFFFSSZT SSSR SSS B 
Se ae ee a > 0 SSSSSSSSOSSSSESSES 37256V-3 
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208-pin PQFP 
Top View 


Gnpc 1 0439 
Ooo Ly 2 1/0138 
/Oo,L—4 3 0437 
VOo9 Ct 4 0436 
O23 4 5 1/0435 
VO, ——] 6 TDI 
TCLK CH) 7 GND 
/Oo5 Ly 8 VO134 
VO, Leeann VO433 
O27 Lee) “WO439 
VOog L— VO434 
VO2q beeen 0430 
GND C= GND 
/O30 — VO409 
1/034 Lanes O40 
O32 Ll V/O407 
1/033 = VO126 
O34 —— VOj05 
GND VOr24 
O35 Lan} VO+23 
Oz, VO120 
O37 Lanne VO404 
/Oz3 37256VP208 At 
VOz9 CL 4 
CLKy/l) GND 
GND Veco 
Veco GND 
GND cS Voc 
CLK A, a CLKo/lz 
VO4, VOr119 
VOa4 Lj V/O448 
VO 42 tae YO447 
O43 Lm VO446 
vO,, — VO445 
/O,;, =< GND 
/O,,-— VO144 
0,7, = VO143 
/O4, VO442 
VO4, — VO444 
GND ae 
VOs9 — 
VOs4 ae VO409 
VOs9 C— VO108 
1/058 nas 0497 
/O;, — VOx06 
GND L_— VO495 
/O5, —— VO404 
V/Osg Le VO193 
/0;7 — VOx02 
/Osg = VO101 
VOsg VO100 
Veco + GND 
37256V-2 
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Maximum Ratings Output Current into OUTPUTS ................ccceseeeceeeeeeeeeeeeneees 8 mA 
(Above which the useful life may be impaired. For user guide- ean eee EN Se Sea 
lines, not tested.) barseine Sapinh 
Storage TEMPSrAtre seccssscssscsvsseesssreeersee 65°C to +150°C ALCN-WP CUMIN sav iccasssedvalanvtannsseecernesivetawWaldenansites >200 m 
Ambient Temperature with Operating Range?! 
Power Applied ............cccccccsecssccsseteeeeeeeeneeeees —55°C to +125°C 
S Ambient 

upply Voltage to Ground Potential ............... —0.5V to +7.0V Range Temperature!2 Voc 
iin 2 owes |Commercial | O'S to+70°C_— | 3.3V£0.3V_ | 
in High Z State ...e..ccccccsssssssssssssccssssssessevecvevee weviomor | comveal | epee, |e 
DC Input Voltage...........ssccsesssssssscasssssseeserseess -0.5Vto+7.0V | Industrial 40°C 0 +85°C | 3.3V 4 0.3V 
DC Program Voltage .........cccccescssescscescsscessessereaeens 3.3V+0.3V Military! ~55°C to +125°C | 3.3V £0.3V 


Shaded areas contain advance information. 


Electrical Characteristics Over the Operating Range 


Test Conaitions Min. 
Output HIGH Voltage Veco = Min. | loy = —4 mA (Com’l)" 
lou =-3 MA (Mil) : 


2.4 
Output LOW Voltage Voc = Min. | lo, = 8 mA (Com’l)" 
lo = 6 mA (Mil) 
2.0 
-10 
—50 
-30 


V 


uae 
Input HIGH Voltage Guaranteed Input Logical HIGH voltage for Vocmax 
all inputs!®! 
Input LOW Voltage Guaranteed Input Logical LOW voltage for | -0.5 
all inputs! 
ie a 


Input Load Current V, = Internal GND, V, = Voc | 10 | 
floz __| Output Leakage Current Vo = GND or Veo, Output Disabled | 50 | 
flog =| Output Short Circuit Current!®: Voc = Max., Voyt = 0.5V ~160 


loc-Hs Power Supply Current!?! Per Logic {| Voc = Max., Ioyt = 0 mA,f = 1 MHz, 18.7 
Block - High Speed Mode Vin = GND or Veco 
loc-Lp Power Supply Current’?! Per Logic | Voc = Max., Ioyt = 0 mA,f = 1 MHz, 
Block - Low Power Mode Vin = GND or Voc 
IBHL Input Bus Hold LOW Sustaining Voc = Min., Vip = 0.8V +75 
Current 
IBHH Input Bus Hold HIGH Sustaining Vec = Min., Vip = 2.0V ~75 
Current 


A 
A 


V 

V 

V 
u 
L. 
mA 
A 


IBHLO Input Bus Hold LOW Overdrive Voc = Max. +500 
Current 


9.3 
IBHHO Input Bus Hold HIGH Overdrive Voc = Max. —500 
Current 
Inductance"! 


Test Conditions 160-lead TQFP | 208-lead PQFP 
C |Maximam Pin inductance [Viy=SaVatf=twRe [8 | 


mA 
LA 
LA 
WA 
uA 


S 
EE 


Notes: 
2. Normal Programming Conditions apply across Ambient Temperature Range for specified programming methods. For more information on programming the 
Ultra37000 family devices see the Ultra37000 family data sheet. 
Ta is the “instant on” case temperature. 
loy = ~2 MA, Io, = 2 MA for SDO. 
These are absolute values with respect to device ground. All overshoots due to system or tester noise are included. 
Not more than one output should be tested at a time. Duration of the short circuit should not exceed 1 second. Voyz = 0.5V has been chosen to avoid test 
problems caused by tester ground degradation. 
Tested initially and after any design or process changes that may affect these parameters. 
Measured with 16-bit counter programmed into the logic block. Total device power calculated by summing the Icc specifications for the mode of operation of 
each logic block. 
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Capacitance!” 7 
Description _ | Test Conditions 


\ 


| me 
Input/Output Capacitance Vin = 3.3V at f = 1 MHz | 8 
Clock Signal Capacitance Vin = 3.3V at f = 1 MHz 


Endurance Characteristics! 
_ Description Test Conditions 
[N= | Minimum Reprogramming Cycles | Normal Programming Conditions 


AC Test Loads and Waveforms 


yeni 


295Q (COM'L) 295Q (COMI) 
393Q (MIL) 393Q (MIL) ALL INPUT PULSES 
3.3V 3.3V 
OUTPUT OUTPUT 
340Q (COM'L) 340Q (COM'L) 
35 pF a 453Q (MIL) 5 pF ie 453Q (MIL) 
INCLUDING = = = = 
JIG AND : INCLUDING 
SCOPE SCORE 
ia (b) 37256V-4 (c) 37256V-5 


(a) 
THEVENIN EQUIVALENT 


158Q (COM’L) 
270Q (MIL) = 1.77V(COM'L) 


OUTPUT O———wws 0 _1.77V (MIL) 


| Parameter!®! Output Waveform--Measurement Level 


Equivalent to: 


37256V-8 


~ YOL 
37256V-9 


(d) Test Waveforms 


Note: 
9. teR Measured with 5-pF AC Test Load and te, measured with 35-pF AC Test Load. 
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Switching Characteristics Over the Operating Range!!! 


37256V-83 
Parameter Description 


Combinatorial Mode Parameters 
t Input to Combinatorial Output 
tppL Input to Output Through Transparent Input or Output Latch 


tppLe Input to Output Through Transparent Input and Output 
Latches 


cA 
Input Register Parameters 


37256V-125 


5 
oO 


13 
15 
14 
14 


+ 
m7 
D 


; ah 
© 


W 
W 


rT iT 


| et | ost] oS 
w” 


Input Register or Latch Set-Up Time 
Input Register or Latch Hoid Time 


<= 


14 19 


° 
=) 
a 


tico Input Register Clock or Latch Enable to Combinatorial 
Output 
ticoL Input Register Clock or Latch Enable to Output Through 16 21 
Transparent Output Latch 
Synchronous Clocking Parameters 
tco Synchronous Clock (CLKp, CLK;, CLK», or CLK3) or Latch 6.5 
Enable to Output 
ts Set-Up Time from Input to Synchronous Clock (CLKo, 5.5 
CLK,, CLK», or CLK3) or Latch Enable | 
Register or Latch Data Hold Time oes 
tco2!'”’ Output Synchronous Clock (CLKyp, CLK;, CLK», or CLKs) 14 19 
or Latch Enable to Combinatorial Output Delay (Through 
Logic Array) 
tscs Output Synchronous Clock (CLKp, CLK;, CLK», or CLK3) 12 
or Latch Enable to Output Synchronous Clock (CLKo, 
CLK, CLK», or CLK3) or Latch Enable (Through Logic 
Array) 
ts Set-Up Time from Input Through Transparent Latch to Out- 10 15 
put Register Synchronous Clock (CLKp, CLK;, CLKo, or 
CLK3) or Latch Enable 
tut Hold Time for Input Through Transparent Latch from Out- ns 
put Register Synchronous Clock (CLKp, CLK;, CLKo, or 
CLK3) or Latch Enable | 
Product Term Clocking Parameters 
Product Term Clock or Latch Enable (PTCLK) to Output | = | 12 | =| 17 | ns | 
tspT Set-Up Time from Input to Product Term Clock or Latch 3 3 ns 
Enable (PTCLK) 
Register of Latch Data Hold Time i a ea a a De 
tispT Set-Up Time for buried register used as an input register —2 —2 
from Input to Product Term Clock or Latch Enable (PTCLK) 
tiHPT Buried Register used as an input register or Latch Data 14 
Hold Time 
Notes: 
10. All AC parameters are measured with 16 outputs switching and 35-pF AC Test Load. 
11. Logic Blocks operating in low power mode, add t,p to this spec. 
12. Outputs using Slow Output Slew Rate, add ts; cw to this spec. 
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tcooprt 7 Product Term Clock or Latch Enable (PTCLK) to Output 
Delay (Through Logic Array) 
Pipelined Mode Parameters 


ticgh Input Register Synchronous Clock (CLKp, CLK,, CLKo, or 12 
CLK3) to Output Register Synchronous Clock (CLKo, | | 
CLK;, CLKo, or CLK3) 


Operating Frequency Parameters 


fMax1 Maximum Frequency with Internal Feedback (Least of 
I/tscg, 1/(tg + ty), OF 1/tgg)!” 

fmaxe Maximum Frequency Data Path in Output Regis- 
tered/Latched Mode (Lesser of 1/(tw_ + twy), 1/(ts + ty), 
or 1/tco) 


IMAX3 Maximum Frequency with External Feedback (Lesser of 
I(tco + ts) or 1/(twe + twu)) 


Maximum Frequency in Pipelined Mode (Least of 1/(t¢o + 
tis), tics, /(twe + twu); (tig + ty), oF 1tgcs) 


in. [Wax 


37256V-125 
Max. 


Asynchronous Reset Width!’ 
Asynchronous Reset Recovery Time 
2 


| oa 

| fees) 

tow Asynchronous Preset Width oe a es eee 
Tien [Asynchronous PresetRecovery Time _——=SS«T =| «dt Sf 
pol [Asynchronous Preset to Output ——S«YSSCdYCO ne 
User Option Parameters | 
tip Low Power Adder a ae | [ons | 


Tap Controller Parameter 


Timp ___—‘([TapContoler Frequency ——SSSCSC~—SC~idSSC «YC 
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Switching Waveforms 


Combinatorial Output 


INPUT 
tpp 
37256V-10 


COMBINATORIAL 


Registered Output with Synchronous Clocking 


OUTPUT 


INPUT 
ts 


SYNCHRONOUS 
CLOCK 


REGISTERED 
| : tco2 


OUTPUT 


REGISTERED 
twe 
37256V-11 


OUTPUT 
iE al 


SYNCHRONOUS 
CLOCK 
Registered Output with Product Term Clocking 

Input going through the Array 
INPUT 


PRODUCT TERM 
CLOCK 


twe 
37256V-12 


REGISTERED 
—_——_—_ 


OUTPUT 
twH 


PRODUCT TERM 
CLOCK 
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Registered Output with Product Term Clocking 
Input coming from Adjacent Buried Register 


INPUT 
PRODUCT TERM 
CLOCK 
REGISTERED 
OUTPUT 
tWH ; cg twe es 
PRODUCT TERM 
CLOCK 37256V-13 
Latched Output 
tg. tuo 
tppoL-” tco* 


LATCH ENABLE 


LATCHED 
OUTPUT 


Registered Input 


REGISTERED 
INPUT 


INPUT REGISTER 
CLOCK 


tWH 


COMBINATORIAL 
OUTPUT 


CLOCK 
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Switching Waveforms (continued) 


Clock to Clock 


INPUT REGISTER 
CLOCK 
tics e 
37256V-16 


tscs 


OUTPUT 
REGISTER CLOCK 


Latched Input 
_—_— 


LATCHED INPUT 
=— 7; ty 


tico 


LATCH ENABLE 
tpoL 


COMBINATORIAL 
OUTPUT 
= a tWe 
37256V-17 


twH 


LATCH ENABLE 


Latched Input and Output 
pranereecera > Ga 


LATCHED 
OUTPUT 
tico 
INPUT LATCH 
ENABLE 
tics —” 


OUTPUT LATCH 
ENABLE 


SS 
37256V-18 


tWH 


LATCH ENABLE 
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Switching Waveforms (continued) 


Asynchronous Reset 
| — 


\ 


INPUT 
tro 
REGISTERED YY YY YY 
OUTPUT XXX 
tRR “ 
CLOCK 
37256V-19 
Asynchronous Preset 
tpw 
tpo 
REGISTERED \ 7 
OUTPUT XXXOOK _ 
tpR 
CLOCK 
37256V-20 
Output Enable/Disable 
tea 
OUTPUTS »> KK 
37256V-21 
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Ordering Information 


Package Operating 
Ordering Code Name Package Type Range 


CY37256VP160-—125AC A160 160-Pin Thin Quad Flatpack Commercial 


125 


Traut 


256-Lead Ball Grid Array 
CY37256VP208-83NI | 


Shaded areas contain advance information. 


160-Pin Thin Quad Flatpack © 
208-Pin Plastic Quad Flatpack 


Industrial 


ISR, UltraLogic, Ultra37000, Impulse3, INSRkit, andWarp2Sim are trademarks of Cypress Semiconductor Corporation. 
Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 


Document #: 38-00606 
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UltraLogic™ High-Density Flash \ItraLogic™ High-Density Flash CPLDs 


Features 


¢ Flash In-System Reprogrammable (ISR™) CMOS 
CPLDs 


— Combines on board reprogramming with snout flex- 
ibility and a simple timing model 


— Design changes don’t cause pinout or timing 
changes 


— JTAG interface 
e High density 
— 32-128 macrocells 
— 32-128 I/O pins 
— Multiple clock pins 
e Fully PCI compliant 
e Bus Hold capabilities on all I/Os and dedicated inputs 
e High speed 
—tpp = 8.5—-10 ns 
—ts = 5-7 ns 
—tco = 6-7 ns 
e Fast Programmable Interconnect Matrix (PIM) 
— Uniform predictable delay, independent of routing 
e Intelligent product term allocator 
— 0-16 product terms to any macrocell 
— Provides product term steering on an individual ba- 
sis 
ee product term sharing among local macro- 
cells 


e Simple timing model 

—No fanout delays 

— No expander delays 

— No dedicated vs. I/O pin delays 

—No additional delay through PIM 

—No penalty for using full 16 product terms 

— No delay for steering or sharing product terms 
e Flexible clocking 

— 2-4 clock pins per device 

— Clock polarity control 


FLASH370i Selection Guide 


Dedicated 
Inputs I/O Pins Speed (tpp) =peee an 


e Security bit and user ID supported 


e Packages 
— 44-160 pins 
— PLCC, CLCC, PGA, CQFP, and TQFP packages 


e Warp2® 
— Low-cost IEEE 1164-compliant VHDL development 
system 


— Available on PC, Sun, and HP platforms 
— Supports all PLDs, CPLDs, FPGAs 


e Warp2Sim™ 
— Includes capabilities of Warp2 and ViewLogic’s 
ViewSim 
— Provides dynamic timing solutions for all Cypress 
PLDs, CPLDs, and FPGAs 


« Warp3® CAE development system 
— VHDL input 
— ViewLogic graphical user interface 
— Schematic capture (ViewDraw™) 
— VHDL simulation (ViewSim™) 
— Available on PC, Sun, and HP platforms 


General Description 


The FLASH370i™ family of CMOS CPLDs provides a range of 
high-density programmable logic solutions with unparalleled 
performance. Each member of the family is designed with 
Cypress’s state-of-the-art 0.65-micron Flash technology. 


All of the UltraLogic FLASH370i devices are electrically eras- 
able and In-System Reprogrammable (ISR), which simplifies 
both design and manufacturing flows, thereby reducing costs. 
Because of the superior routability of the FLASH370i devices, 
ISR allows users to change existing logic designs without 
changing pinout assignments or timing. The Cypress ISR 
function is implemented through a JTAG serial interface. Data 
is shifted in and out through the SDI and SDO pins, respective- 
ly. The ISR interface is enabled from the programming voltage 
pin (ISRen,). The entire family is fully compliant with the PCI 
Local Bus specification, meeting all the electrical and timing 
requirements. Also, the entire family features bus-hold capa- 
bilities on all I/Os and dedicated inputs. Additionally, the entire 
family is security bit and user ID supported (when the security 
bit is programmed, all locations cannot be verified). 


eee 1 te | ee) Te ee 
a I I< a 
8 [3 
ee 


[ara 160 
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General Description (continued) 


The FLASH370i family is designed to bring the flexibility, ease 
of use and performance of the 22V10 to high-density CPLDs. 
The architecture is based on a number of logic blocks that are 
connected by a Programmable Interconnect Matrix (PIM). 
Each logic block features its own product term array, product 
term allocator array, and 16 macrocells. The PIM distributes 
signals from the logic block outputs and all input pins to the 
logic block inputs. 


The family features a wide variety of densities and pin counts 
to choose from. At each density there are two packaging op- 
tions to choose from—one that is I/O intensive and another 
that is register intensive. For example, the CY7C374i and 
CY7C375i both feature 128 macrocells. On the CY7C374i, 
available in 84-pin packages, half of the macrocells are buried. 
On the CY7C375i, available in 160-pin packages, all of the 
macrocells are fed to I/O pins. Figure 1 shows a block diagram 
of the CY7C374i/5i. 


r 
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Functional Description 


Programmable Interconnect Matrix 

The Programmable Interconnect Matrix (PIM) consists of a 
completely global routing matrix for signals from 1/O pins and 
feedbacks from the logic blocks. The PIM is an extremely ro- 
bust interconnect that avoids fitting and density limitations. 
Routing is automatically accomplished by software and the 


Logic Block Diagram 


FLASH370i™ ISR™ 
CPLD Family 


propagation delay through the PIM is transparent to the user. 
Signals from any pin or any logic block can be routed to any or 
all logic blocks. 


The inputs to the PIM consist of all |/O and dedicated input pins 
and all macrocell feedbacks from within the logic blocks. The 
number of PIM inputs increases with pincount and the number 
of logic blocks. The outputs from the PIM are signals routed 
to the appropriate logic block(s). Each logic block receives 36 
inputs from the PIM and their complements, allowing for 32-bit 
operations to be implemented in a single pass through the 
device. The wide number of inputs to the logic block also im- 
proves the routing capacity of the FLASH370i family. 


An important feature of the PIM is simple timing. The propa- 
gation delay through the PIM is accounted for in the timing 
specifications for each device. There is no additional delay for 
traveling through the PIM. In fact, all inputs travel through the 
PIM. Likewise, there are no route-dependent timing parame- 
ters on the FLASH370i devices. The worst-case PIM delays are 
incorporated in all appropriate FLASH370i specifications. 


Routing signals through the PIM is completely invisible to the 
user. All routing is accomplished by software—no hand rout- 
ing is necessary. Warp and third-party development packages 
automatically route designs for the FLASH370i family in a mat- 
ter of minutes. Finally, the rich routing resources of the 
FLASH370i family accommodate last minute logic changes 
while maintaining fixed pin assignments. 


CLOCK 


INPUTS INPUTS 


8/16 /Os <> 
R= =he 
| ES 
= =42 
ea man 
Se d== 


32/64 


8/16 I/Os <=> 


8/16 I/Os <=> 


8/16 /Os <> & 


INPUT/CLOCK 
MACROCELLS 


LOGIC 
BLOCK > 
H 
LOGIC 
BLOCK > 
G 
LOGIC 
BLOCK be 
F 
LOGIC 
BLOCK > 


32/64 


<_> 8/16 I/Os 


<> 8/16 1/Os 


a> 8/16 I/Os 


e<—> ~=8/16 I/Os 


703740i-1 


Figure 1. CY7C374i/5i Block Diagram 
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MACRO- ie) 
CELL CELL 
1 1 


0-16 
PRODUCT 
TERMS 


0-16 
PRODUCT 
TERMS 


FROM 72 X 86 PRODUCT 
PIM PRODUCT TERM TERM BRODUGT 
ARRAY ALLOCATOR 


PRODUCT 
TERMS 


TO 
PIM 


flash370i-2 


Figure 2. Logic Block for CY7C371i, CY7C373i, and CY7C375i (1/O Intensive) 


72 X 86 PRODUCT 
PRODUCT TERM TERM 


ARRAY ALLOCATOR 


flash370i-~3 
Figure 3. Logic Block for CY7C372i and CY7C374i (Register Intensive) 
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Logic Block 


The logic block is the basic building block of the FLASH370i 
architecture. It consists of a product term array, an intelligent 
product-term allocator, 16 macrocells, and a number of I/O 
cells. The number of I/O cells varies depending on the device 
used. 


There are two types of logic blocks in the FLASH370i family. 
The first type features an equal number (16) of I/O cells and 
macrocells and is shown in Figure 2. This architecture is best 
for I/O-intensive applications. The second type of logic block 
features a buried macrocell along with each I/O macrocell. In 
other words, in each logic block, there are eight macrocells that 
are connected to I/O cells and eight macrocells that are only 
internally fed back to the PIM. This organization is designed 
for register-intensive applications and is displayed in Figure 3. 
Note that at each FLASH370i density (except the 32-macrocell 
CY7C371i), an I/O intensive and a register-intensive device is 
available. 


Product Term Array 


Each logic block features a 72 x 86 programmable product 
term array. This array is fed with 36 inputs from the PIM, which 
originate from macrocell feedbacks and device pins. Active 
LOW and active HIGH versions of each of these inputs are 
generated to create the full 72-input field. The 86 product 
terms in the array can be created from any of the 72 inputs. 


Of the 86 product terms, 80 are for general-purpose use for the 
16 macrocells in the logic block. Four of the remaining six 
product terms in the logic block are output enable (OE) product 
terms. Each of the OE product terms controls up to eight of 
the 16 macrocells and is selectable on an individual macrocell 
basis. In other words, each I/O cell can select between one of 
two OE product terms to control the output buffer. The first two 
of these four OE product terms are available to the upper half 
of the 1/O macrocells in a logic block. The other two OE prod- 
uct terms are available to the lower half of the I/O macrocells 
in a logic block. The final two product terms in each logic block 
are dedicated asynchronous set and asynchronous reset 
product terms. 


Product Term Allocator 


Through the product term allocator, software automatically dis- 
tributes product terms among the 16 macrocells in the logic 
block as needed. A total of 80 product terms are available from 
the local product term array. The product term allocator pro- 
vides two important capabilities without affecting performance: 
product term steering and product term sharing. 


Product Term Steering 


Product term steering is the process of assigning product 
terms to macrocells as needed. For example, if one macrocell 
requires ten product terms while another needs just three, the 
product term allocator will “steer’ ten product terms to one 
macrocell and three to the other. On FLASH370i devices, prod- 
uct terms are steered on an individual basis. Any number 
between 0 and 16 product terms can be steered to any mac- 
rocell. Note that 0 product terms is useful in cases where a 
particular macrocell is unused or used as an input register. 


Product Term Sharing 


Product term sharing is the process of using the same product 
term among multiple macrocells. For example, if more than 
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one output has one or more product terms in its equation that 
are common to other outputs, those product terms are only 
programmed once. The FLASH370i product term allocator al- 
lows sharing across groups of four output macrocells in a vari- 
able fashion. The software automatically takes advantage of 
this capability—the user does not have to intervene. Note that 
greater usable density can often be achieved if the user “floats” 
the pin assignment. This allows the compiler to group macro- 
cells that have common product terms adjacently. 


Note that neither product term sharing nor product term steer- 
ing have any effect on the speed of the product. All worst-case 
steering and sharing configurations have been incorporated in 
the timing specifications for the FLASH370i devices. 


FLASH370i Macrocell 


I/O Macrocell 


Within each logic block there are 8 or 16 1/O macrocells de- 
pending on the device used. Figure 4 illustrates the architec- 
ture of the I/O macrocell. The macrocell features a register that 
can be configured as combinatorial, a D flip-flop, a T flip-flop, 
or a level-triggered latch. 


The register can be asynchronously set or asynchronously re- 
set at the logic block level with the separate set and reset prod- 
uct terms. Each of these product terms features programma- 
ble polarity. This allows the registers to be set or reset based 
on an AND expression or an OR expression. 


Clocking of the register is very flexible. Depending on the de- 
vice, either two or four global synchronous clocks are available 
to clock the register. Furthermore, each clock features pro- 
grammable polarity so that registers can be triggered on falling 
as well as rising edges (see the Dedicated/Clock Inputs sec- 
tion). Clock polarity is chosen at the logic block level. 


At the output of the macrocell, a polarity control mux is avail- 
able to select active LOW or active HIGH signals. This has the 
added advantage of allowing significant logic reduction to oc- 
cur in many applications. 


The FLASH370i macrocell features a feedback path to the PIM 
separate from the I/O pin input path. This means that if the 
macrocell is buried (fed back internally only), the associated 
I/O pin can still be used as an input. 


Buried Macrocell 


Some of the devices in the FLASH370i family feature additional 
macrocells that do not feed individual I/O pins Figure 5. dis- 
plays the architecture of the I/O and buried macrocells for 
these devices. The I/O macrocell is identical to the I/O mac- 
rocell for devices without buried macrocells. 


The buried macrocell is very similar to the I/O macrocell. 
Again, it includes a register that can be configured as combi- 
natorial, a D flip-flop, a T flip-flop, or a latch. The clock for this 
register has the same options as described for the I/O macro- 
cell. The primary difference between the I/O macrocell and the 
buried macrocell is that the buried macrocell does not have the 
ability to output data directly to an I/O pin. 


One additional difference on the buried macrocell is the addi- 
tion of input register capability. The buried macrocell can be 
configured to act as an input register (D-type or latch) whose 
input comes from the I/O pin associated with the neighboring 
macrocell. The output of all buried macrocells is sent directly 
to the PIM regardless of its configuration. 


3-63 


-——’ FLASH370i™ ISR™ 


VO MACROCELL 
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| VO CELL 
oie li (awti‘(<‘i‘x Sd ee ee 
PRODUCT | =| 
TERMS | 
Ri 
| | 
| | 
| Seycell 
FROM PTM 
0-16 | 
PRODUCT 
TERMS | 
FEEDBACK TO PI 
FEEDBACK TO PIM 
FEEDBACK TO PIM 
ASYNCHRONOUS flash370i-5 
BLOCK RESET . 
ASYNCHRONOUS 4 SYSTEM CIOCKS (CY7C373i-CY7C375i) 2 BANK OE TERMS 
BLOCK PRESET 2 SYSTEM CLOCKS (CY7C371i-CY7C372i) 
Figure 4. 1/O and Buried Macrocells 
INPUT PIN 
TO PIM 
FROM CLOCK “ 
POLARITY MUXES C10 C11 
flash370i-6 
Figure 5. Input Pins 
Note: : 
1. C1 is not used on the CY7C371i and CY7C372i since the mux size is 2:1. 4. C15 andCi6 are not used on the CY7C371i and CY7C372i since there are 
2. C9 is not used on the CY7C371i and CY7C372i since the mux size is 2:1. two clocks. 


3. C8 and C9 are not included on the CY7C371i and CY7C372i since each 
input/clock pin has the other input/clock pin on its clock. 
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Figure 6. I/O Macrocell 


INPUT/CLOCK PIN 


FROM CLOCK 
POLARITY INPUT 
CLOCK PINS 


TO CLOCK MUX ON 
ALL INPUT MACROCELLS 


TO CLOCK MUX 
IN EACH 
LOGIC BLOCK 


CLOCK POLARITY MUX 
ONE PER LOGIC BLOCK 
FOR EACH CLOCK INPUT 


flash370i-—7 


Figure 7. Input/Clock Pins 


FLASH370i I/O Cell 


The I/O cell on the FLASH370i devices is illustrated along with 
the I/O macrocell in Figures 6 and 4. The user can program 
the I/O cell to change the way the three-state output buffer is 
enabled and/or disabled. Each output can be set permanently 
on (output only), permanently off (input only), or dynamically 
controlled by one of two OE product terms. 


Dedicated/Clock Inputs 


Six pins on each member of the FLASH370i family are desig- 
nated as input-only. There are two types of dedicated inputs 
on FLASH370i devices: input pins and input/clock pins. Figure 
5 illustrates the architecture for input pins. Four input options 
are available for the user: combinatorial, registered, dou- 
ble-registered, or latched. If a registered or latched option is 


selected, any one of the input clocks can be selected for con- 
trol. Figure 7 shows the input/clock macrocell. The CY7C371i 
and CY7C372i have two input/clock pins while the other devic- 
es in the family have four input/clock pins. Like the input pins, 
input/clock pins can be combinatorial, registered, double reg- 
istered, or latched. In addition, these pins feed the clocking 
structures throughout the device. The clock path at the input 
is user-configurable in polarity. The polarity of the clock signal 
can also be controlled by the user. Note that this polarity is 
separately controlled for input registers and output registers. 


Timing Model 


One of the most important features of the FLASH370i family is 
the simplicity of its timing. All delays are worst case and sys- 
tem performance is unaffected by the features used or notused 
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tpp = 8.5ns 


REGISTERED SIGNAL 


flash370i-8 


ts= 5.0 ns 


Figure 8. Timing Model for CY7C371i 


on the parts. Figure 8 illustrates the true timing model for the 
8.5-ns devices. For combinatorial paths, any input to any out- 
put incurs an 8.5-ns worst-case delay regardless of the 
amount of logic used. For synchronous systems, the input 
set-up time to the output macrocells for any input is 5.0 ns and 
the clock to output time is also 6.0 ns. These measurements 
are for any output and clock, regardless of the logic used. 
Stated another way, the FLASH370i features: 

¢ no fanout delays 

e no expander delays 
no dedicated vs. 1/O pin delays 
no additional delay through PIM 
no penalty for using 0O—16 product terms 
no added delay for steering product terms 
no added delay for sharing product terms 
no routing delays 
¢ no output bypass delays 


The simple timing model of the FLASH370i family eliminates 
unexpected performance penalties. 


PCI Compliance 


The FLASH370i family of CMOS CPLDs are fully compliant with 
the PCI Local Bus Specification published by the PCI Special 
Interest Group. The simple and predictable timing model of 
FLASH370i ensures compliance with the PCI AC specifications 
independent of the design. On the other hand, in CPLD and 
FPGA architectures without simple and predictable timing, PCI 
compliance is dependent upon routing and product term dis- 
tribution. 


Bus-Hold Capabilities on all I/Os and Dedicated Inputs 


In addition to ISR capability, a new feature called bus-hold has 
been added to all FLASH370i I/Os and dedicated input pins. 
Bus-hold, which is an improved version of the popular internal 
pull-up resistor, is a weak latch connected to the pin that does 
not degrade the device’s performance. As a latch, bus-hold 
recalls the last state of a pin when it is three-stated, thus re- 
ducing system noise in bus-interface applications. Bus-hold 
additionally allows unused device pins to remain unconnected 
on the board, which is particularly useful during prototyping as 
designers can route new signals to the device without cutting 
trace connections to Vcc or Grp. 


FLASH370i™ ISR™ 
CPLD Family 


Development Software Support 


Warp2 


Warp2 is a state-of-the-art VHDL compiler for designing with 
Cypress PLDs, CPLDs, and FPGAs. Warp2 utilizes a proper 
subset of IEEE 1164 VHDL as the Hardware Description Lan- 
guage (HDL) for design entry. VHDL provides a number of 
significant benefits for design entry. Warp2 accepts VHDL in- 
put, synthesizes and optimizes the entered design, and out- 
puts a JEDEC map for the desired FLASH370i device. For sim- 
ulation, Warp2 provides the graphical waveform simulator 
called Nova as well as VHDL and Verilog Timing Models. 


VHDL (VHSIC Hardware Description Language) is an open, 
powertul, non-proprietary language that is a standard for be- 
havioral design entry and simulation. It is already mandated 
for use by the Department of Defense and supported by every 
major vendor of CAE tools. VHDL allows designers to learn a 
single language that is useful for all facets of the design pro- 
cess. See the Warp2 data sheet for further information. 


Warp3 


Warp3 is a sophisticated development system that is based on 
the latest version of ViewLogic’s CAE design environment. 
Warp3 features schematic capture (ViewDraw), VHDL wave- 
form simulation (ViewSim), a VHDL debugger, and VHDL syn- 
thesis, all integrated in a graphical design environment. Warp3 
is available on PCs using Windows 3.1 or subsequent versions 


_and on Sun and Hewlett Packard workstations. See the Warp3 


data sheet for further information. 


Warp2Sim™ 


This development system includes the capbilities of Warp2 
and ViewLogic’s ViewSim package which provides dynamic 
timing solutions for all Cypress PLDs, CPLDs, and FPGAs. 


Third-Party Software 


Cypress maintains a strong commitment to third-party design 
software vendors. All major third-party software vendors (in- 
cluding ABEL™, LOG/iC™, CUPL™, and Minc) will provide 
support for the FLASH370i family of devices. To expedite this 
support, Cypress supplies vendors with all pertinent architec- 
tural information as well as design fitters for our products. 


Programming 


There are four programming options available for FLASH370i 
devices. The first is to use a PC with the FLASH370i ISR pro- 
gramming cable and software. With this method, the ISR pins 
of the FLASH370i devices are routed to a connector at the edge 
of the printed circuit board. The ISR programming cable is 
then connected between the parallel port of the PC and this 
connector. A simple configuration file instructs the ISR soft- 
ware of the programming operations to be performed on each 
of the FLASH370i devices in the system. The ISR software then 
automatically completes all of the necessary data manipula- 
tions required to accomplish the programming, reading, verify- 
ing, and other ISR functions. For more information on Cypress 
ISR Interface, see the ISR Programming Kit. 


The second method for programming FLASH370i devices is on 
an ATE (automatic test equipment). If this method is selected, 
the FLASH370i ISR software generates programming test vec- 
tors for the target tester. 
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The third programming option for FLASH370i devices is to uti- 
lize the embedded controller or processor that already exists 
in the system. The FLASH370i ISR software assists in this 
method by converting the device JEDEC maps into the ISR 
serial stream that contains the ISR instruction information and 
the addresses and data of locations to be programmed. The 
embedded coniroller then simply directs this ISR stream to the 
chain of FLASH370i devices to complete the desired reconfig- 
uring or diagnostic operations. 


The fourth method for programming FLASH370i devices is to 
use the same parallel programmer that is currently being used 
to program FLASH370 devices. Since the programming algo- 
rithms are the same, normal third party programming support 
for the FLASH370i family is readily available. 


For all pinout, electrical, and timing requirements, refer to de- 
vice data sheets. For ISR cable and software specifications, 
refer to ISR Kit data sheets. For detailed description of ISR 
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capabilities, refer to the Cypress application note, “An Intro- 
duction to In System Reprogramming with FLASH370i.” 


The /Impulse3™ device programmer from Cypress will pro- 
gram all Cypress PLDs, CPLDs, FPGAs, and PROMs. This 
unit is a programmer that connects to any IBM-compatible PC 
via the printer port. For further information see the Impulse3 
data sheet. 


Third-Party Programmers 


As with development software, eyotass supports third-party 
programmers. All major third-party programmers (including 
Data I/O, Logical Devices, Minato, SMS, and Stag) will support 
the FLASH370i family. 


Document #: 38-00493-B 


ISR, UltraLogic, FLASH370i, Warp2Sim, and Impulse3 are trademarks of Cypress Semiconductor Corporation. 
Warp2, Warp3 are registered trademarks of Cypress Semiconductor Corporation. 


ViewSim and ViewDraw are trademarks of ViewLogic. 
ABEL is a trademark of Data I/O Corporation. 
LOG/iC is a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices, Inc. 
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Features 


¢ 32 macrocells in two logic blocks 

¢ 32 1/0 pins 

¢ 5 dedicated inputs including 2 clock pins 

In-System Reprogrammable (ISR™) Flash technology 
—— JTAG interface 

Bus Hold capabilities on all I/Os and dedicated inputs 
No hidden delays 

High speed 

—fuax = 143 MHz 


—tco =6ns 

Fully PCI compliant 

Available in 44-pin PLCC, and TQFP packages 
Pin compatible with the CY7C372i 


Functional Description 


The CY7C371i is an In-System Reprogrammable Complex 
Programmable Logic Device (CPLD) and is part of the 
FLASH370i™ family of high-density, high-speed CPLDs. Like 
all members of the FLASH370i family, the CY7C371i is de- 


Logic Block Diagram 


PRELIMINARY 


fax id: 6136 


CY7C371i 


UltraLogic™ 32-Macrocell Flash CPLD 


signed to bring the ease of use and high performance of the 
22V10, as well as PCI Local Bus Specification support, to 
high-density CPLDs. 


Like all of the UltraLogic™ FLASH370i devices, the CY7C371i 
is electrically erasable and In-System Reprogrammable (ISR), 
which simplifies both design and manufacturing flows, thereby 
reducing costs. The Cypress ISR function is implemented 
through a JTAG serial interface. Data is shifted in and out 
through the SDI and SDO pins. The ISR interface is enabled 
using the programming voltage pin (ISRey). Additionally, be- 
cause of the superior routability of the FLASH370i devices, ISR 
often allows users to change existing logic designs while si- 
multaneously fixing pinout assignments. 


The 32 macrocells in the CY7C371i are divided between two 
logic blocks. Each logic block includes 16 macrocells, a 72 x 
86 product term array, and an intelligent product term allocator. 


The logic blocks in the FLASH370i architecture are connected 
with an extremely fast and predictable routing resource—the 
Programmable Interconnect Matrix (PIM). The PIM brings 
flexibility, routability, speed, and a uniform delay to the inter- 
connect. 


Like all members of the FLASH370i family, the CY7C371i is rich 
in I/O resources. Each macrocell in the device features an 
associated I/O pin, resulting in 32 I/O pins on the CY7C371i. 
In addition, there are three dedicated inputs and two in- 
put/clock pins. 


CLOCK 


INPUTS INPUTS 


16 I/Os 
/O9-W/O45 


Selection Guide 


Maximum Propagation Delay, tpp (ns) 
. 8 


Minimum Set-Up, tgs (ns) 


Typical Supply 
Current, loc (mA) 


INPUT/CLOCK 
MACROCELLS 


16 I/Os 
CC 1/046-1/03; 
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Functional Description (continued) 


Finally, the CY7C371i features a very simple timing model. 
Unlike other high-density CPLD architectures, there are no 
hidden speed delays such as fanout effects, interconnect de- 
lays, or expander delays. Regardless of the number of re- 
sources used or the type of application, the timing parameters 
on the CY7C371i remain the same. 


Logic Block 


The number of logic blocks distinguishes the members of the 
FLASH370i family. The CY7C371i includes two logic blocks. 
Each logic block is constructed of a product term array, a prod- 
uct term allocator, and 16 macrocells. 


Product Term Array 


The product term array in the FLASH370i logic block includes 
36 inputs from the PIM and outputs 86 product terms to the 
product term allocator. The 36 inputs from the PIM are avail- 
able in both positive and negative polarity, making the overall 
array size 72 x 86. This large array in each logic block allows 
for very complex functions to be implemented in a single pass 
through the device. 


Product Term Allocator 


The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be 
assigned to any of the logic block macrocells (this is called 
product term steering). Furthermore, product terms can be 
shared among multiple macrocells. This means that product 
terms that are common to more than one output can be imple- 
mented in a single product term. Product term steering and 
product term sharing help to increase the effective density of 
the FLASH370i CPLDs. Note that product term allocation is 
handled by software and is invisible to the user. 
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(o) 
/Os5/SCLK 1 1/O27/SDI 
1/Og 2 /O26 
1/07 3 O25 
lo 4 1/004 
ISRen 5 CLK4/I4 
GND 6 GND 
CLKoll1 7 Ig 
/Og 8 lo 
1/09 9 1/023 
O49 1 V/O22 
1/044 1 /Oo4 
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I/O Macrocell 


Each of the macrocells on the CY7C371i has a separate as- 
sociated I/O pin. The input to the macrocell is the sum of 
between 0 and 16 product terms from the product term alloca- 
tor. The macrocell includes a register that can be optionally 
bypassed. It also has polarity control, and two global clocks to 
trigger the register. The macrocell also features a separate 
feedback path to the PIM so that the register can be buried if 
the I/O pin is used as an input. 


Programmable Interconnect Matrix 


The Programmable Interconnect Matrix (PIM) connects the 
two logic blocks on the CY7C371i to the inputs and to each 
other. All inputs (including feedbacks) travel through the PIM. 
There is no speed penalty incurred by signals traversing the 
PIM. 


Programming 


For an overview of ISR programming, refer to the FLASH370i 
Family data sheet and for ISR cable and software specifica- 
tions, refer to ISR data sheets. For a detailed description of 
ISR capabilities, refer to the Cypress application note, “An In- 
troduction to In System Reprogramming with FLASH370i.” 


PCI Compliance 


The FLASH370i family of CMOS CPLDs are fully compliant with 
the PCI Local Bus Specification published by the PCI Special 
Interest Group. The simple and predictable timing model of 
FLASH370i ensures compliance with the PCI AC specifications 
independent of the design. On the other hand, in CPLD and 
FPGA architectures without simple and predictable timing, PCI 
compliance is dependent upon routing and product term dis- 
tribution. 


Bus Hold Capabilities on all I/Os and Dedicated Inputs 


In addition to ISR capability, a new feature called bus-hoild has 
been added to all FLASH370i I/Os and dedicated input pins. — 
Bus-hold, which is an improved version of the popular internal 
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pull-up resistor, is a weak latch connected to the pin that does 
not degrade the device’s performance. As a latch, bus-hold 
recalls the last state of a pin when it is three-stated, thus re- 
ducing system noise in bus-interface applications. Bus-hold 
additionally allows unused device pins to remain unconnected 


‘ 


on the board, which is particularly useful during prototyping as 
designers can route new signals to the device without cutting 
trace connections to Vcc or GND. 


Design Tools 

Development software for the CY7C371i is available from Cy- 
press’s Warp2®, Warp2Sim™, and Warp3® software packag- 
es. All of these products are based on the IEEE-standard 
VHDL language. Cypress also actively supports third-party 
design tools such as ABEL™, CUPL™, MINC, and LOG/iC™. 
Please refer to third-party tool support for further information. 


Maximum Ratings 


(Above which the useful life may be impaired. For user guide- 
lines, not tested.) 


Storage Temperature ......... cece cccesceteeeseeeeees —65°C to +150°C 


Electrical Characteristics Over the Operating Rangel’! 


Description Test Conditions | 
Output HIGH Voltage | Voc = Min. | lon = —3.2 mA (Com’i/Ind)! 
Output LOW Voltage lo. = 16 mA (Com’V/ind)! 


Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all 
inputs! 7 
Input LOW Voltage Guaranteed Input Logical LOW Voltage for all 

| inputs! 


Ix | Input Load Current V, = Internal GND, V; = Vcc ~ 
loz | Output Leakage Current | GND < Vo < Vcc, Output Disabled _ 


“Output Short Voc = Max., Voyt = 0.5V 
Circuit Current!**! 


Voc = Max., lout =OmA, 
f= 1 mHz, Vin = GND, Voc l* 


VoH 
VoL 
VIH 
VIL 
ix 
loz 
los | 
Power Supply Current 
IBHL Input Bus Hold LOW 
Sustaining Current 
IBHH Input Bus Hold HIGH 
Sustaining Current 
IBHLO Input Bus Hold LOW 
Overdrive Current 
IBHHO Input Bus Hold HIGH 
Overdrive Current 
Notes: 


lon =—-2mA, lot = 2 mA for SDO. 


problems caused by tester ground degradation. 


Measured with 16-bit counter programmed into each logic block. 


og PON > 


Vec = Min., Vit =0.8V | 


Vcc = Min.., Vin = 2.0V 


See the last page of this specification for Group A subgroup testing information. 
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Ambient Temperature with 

Power Applied ............c:cccccscessessessesseesesseeeeensens —55°C to +125°C 
Supply Voltage to Ground Potential.................. -0.5V to +7.0V 
DC Voltage Applied to Outputs 

Ne IGN: Z. State. nsadeswectetetcasiaesipramomraenaces act —0.5V to +7.0V 
DC Input Voltage ....... ee eeeecceseeteeeeeecteeeeeeeeees —0.5V to +7.0V 
DC Program Voltage .............ccscccccccteteesssnneeeeteeeeesseeeeees 12.5V 
Output Current into Outputs (LOW) ............cceeeeee 16 mA 
Static Discharge Voltage............ccccceesseceeeseseeeeeeeeeneees >2001V 
(per MIL-STD-883, Method 3015) | 
PAICH De CUO i osasasciesirvcncosiondes aaiewenrcatereevesaenetaa es >200 mA 


Operating Range 


Ambient 
Range Temperature Vec 
/Commercial _| 0°C to +70°C 5V+5% 
—40°C to +85°C 5V +10% 
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These are absolute values with respect to device ground. All overshoots due to system or tester noise are included. 
Not more than one output should be tested at a time. Duration of the short circuit should not exceed 1 second. Voyt = 0.5V has been chosen to avoid test 


Tested initially and after any design or process changes that may affect these parameters. 
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Capacitance! 


[Parameter [Description [Test Conditions [| __Min | Max 


Inductance®! 


Endurance Characteristics"®! 


INO Minimum Reprogramming Cycles 


AC Test Loads and Waveforms 


238Q (COM'L) 238Q (COM'L) 
319Q (MIL) 319Q (MIL) 
5V 5V 
OUTPUT ‘sion OUTPUT 1700 (COM'L) 
35 pF 23602 (MIL) 5 pF 236Q, (MIL) 
INCLUDING L INCLUDING L 
SCOPE SCOPE (b) 
(a) ALL INPUT PULSES 


Equivalent to: THEVENIN EQUIVALENT 


99Q (COM'L) 
136Q (MIL) 2.08V(COM'L) 
OUTPUT O——ww 0 __.2.18V (MIL) = . 


(c) 7037 1i-6 


Note: 


7. CI/O for ISRen is 15 pF Max. 
8. teR measured with 5-pF AC Test Load and te, measured with 35-pF ACTest Load. 
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Switching Characteristics Over the Operating Rangel”! 


| "703711-83 | 7C371i-66 
70371i-143 | 7€371i-110 | 7C371iL_83 | 7C371iL-66 
— peeripton Fin [tax[ Win. [Wax:[ wn, [ex Wn, [Max | Uni 


Combinatorial Mode Parameters 
tpp Input to Combinatorial Output Lage ie tie 


Input to Output Through Transparent Input 

or Output Latch 
Input to Output Through Transparent Input 24 
and Output Latches 


input Registered/Latched Mode Parameters 


tico Input Register Clock or Latch Enable to 
Combinatorial Output 


ticoL Input Register Clock or Latch Enable to Out- 
put Through Transparent Output Latch 
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Output Registered/Latched Mode Parameters 


Clock or Latch Enable to Output 


Set-Up Time from Input to Clock or Latch 
Enable | 


Register or Latch Data Hold Time 


tco2 _ | Output Clock or Latch Enable to Output De- 
lay (Through Memory Array) 


Output Clock or Latch Enable to Output 
Clock or Latch Enable (Through Memory 
Array) 


tco 
ts 
ty 


tscs 


to. Set-Up Time from Input Through Transpar- 10 
ent Latch to Output Register Clock or Latch 
Enable 

tu Hold Time for Input Through Transparent 


Latch from Output Register Clock or Latch 
Enable 
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fax Maximum Frequency with Internal Feed- 14 
back (Least of 1/tgcg, 1/(tg + ty), or 1/te) 
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Maximum Frequency Data Path in Output 


fax2 
Registered/Latched Mode (Lesser of 1/(ty,_ 


+ twu), I/(ts + ty), or iVitere) 

Maximum Frequency with external feed- 
back areeeet of 1/(teo + ts) and 1/(tw, + 
twu))! 
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fMaxs. 
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Note: 


9. All AC parameters are measured with 16 outputs switching and 35-pF AC Test Load. 
10. This specification is intended to guarantee interface compatibility of the other members of the CY7C370i family with the CY7C371i. This specification is met 
for the devices operating at the same ambient temperature and at the same power supply voltage. 
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Switching Characteristics Over the Operating Rangel! (continued) | 


7C371i-83 | 7C371i-66 
70371i-143 | 7C371i-110 | 7C371iL-83 | 7C371iL—66 


Parameter Description 


tonctiy Output Data Stable from Output clock Minus 
37x Input Register Hold Time for 7C37x!5:101 


Pipelined Mode Parameters 


tics Input Register Clock to Output Register 
Clock 


fMAx4 Maximum Frequency in Pipelined Mode 
(Least of I/(teo oe tis), T/tics, 1/(ty + tywu); 
(tis + ty), or 1/tscs) 


Reset/Preset Parameters 


Tap Controller Parameters 


fap [Tap ContolerFrequency ‘| 600 | | 00] | soo] | sw] [we 


Switching Waveforms 
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tar 
tro 
tpw 
tpR 


Combinatorial Output 


INPUT 


tpp 
COMBINATORIAL 


OUTPUT 
7037 1i-7 


Latched Output 


LATCH ENABLE 


tppL 'co 


LATCHED 


OUTPUT 
7037 1i-8 
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Switching Waveforms (continued) 7 
Registered Input 


REGISTERED 
INPUT | 


\ 


INPUT REGISTER 


CLOCK 
COMBINATORIAL 
OUTPUT 
twH . twe 7 
CLOCK : 7¢371i-9 
Clock to Clock 
REGISTERED : 
INPUT | | 3 , 
INPUT REGISTER 
CLOCK 
OUTPUT 
REGISTER CLOCK eee 
- 
Latched Input | | 
LATCHED INPUT Ga, 
tis tH 
LATCH ENABLE 
tppo. tico 
COMBINATORIAL 
OUTPUT 
i tWe 
70371i-11 


LATCH ENABLE 
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Switching Waveforms (continued) 


Latched Input and Output 


ie a) Ga, 
LATCHED 
OUTPUT GEE A, Ws 


INPUT LATCH 
ENABLE 


OUTPUT LATCH 
ENABLE 


tWH . tWe 
LATCH ENABLE 
7037 1i-12 
Asynchronous Reset 
taw 
tRo as 
REGISTERED ese 
OUTPUT /\/Z\7 \ x Cd 
tRR . 
CLOCK 
7037 11-13 
Asynchronous Preset 
tpw 
ear Gi, 
tPO ———> 
REGISTERED 5O.6.63@ ae 
OUTPUT XS SS XFS 
tPR 
CLOCK | 
7037 11-14 
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Switching Waveforms (continued) 


Output Enable/Disable 
INPUT 


ter tea 


OUTPUTS 
70371i-16 


Ordering Information 


ee ce 
(MHz) Ordering Code Name Package Type 


7 Aas 
67 
: Aaa 
i 67 
a3 [ovrosriiasac | Aad 
[evrosrii-8aic | 67 | 4-Lead Plastic Leaded Chip Carer 
7 67 
i aaa 
67 
Ad 
7 Aaa 
67 
Ad 
67 
67 
Ae 
67 


Operating 
Range 


A44 
J67 
A44 
J67 
A44 
J67 
A44 
Document #: 38-00497-B 


Warp2Sim, FLASH370, FLASH370i, ISR, and UltraLogic are trademarks of Cypress Semiconductor Corporation 
Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 

ABEL is a trademark of Data I/O Corporation. 

LOG/iC is a trademark of Isdata Corporation. 

CUPL is a trademark of Logical Devices Incorporated. 


CY7C371i-66AC 
CY7C371i-66JC 


CY7C371iL-66JC 
CY7C371iL—66Al 


CY7C371iL—66uJl 
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Features 


¢ 64 macrocells in four logic blocks 

32 I/O pins 

5 dedicated inputs including 2 clock pins 

In-System Reprogrammable (ISR™) Flash technology 
— JTAG interface 

Bus Hold capabilities on all I/Os and dedicated inputs 
No hidden delays 

High speed 

—fuax = 125 MHz 

—tpp = 10 ns 

—ts = 5.5 ns 

—tco = 6.5 ns 

Fully PCI compliant 

Available in 44-pin PLCC and CLCC packages 

Pin compatible with the CY7C371i 


Functional Description 


The CY7C372i is an In-System Reprogrammabie Complex 
Programmable Logic Device (CPLD) and is part of the 


Logic Block Diagram 


INPUT 
MACROCELLS 


ea 
= 
36 


8 I/Os LOGIC 
VOoVO, <—>+<}+ siock | % | 
A 
8 I/Os 
VOg-VO15 oa : < BLOCK 36 
- B a 


16 


Selection Guide | 


INPUTS 
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CY7C372i 


UltraLogic™ 64-Macrocell Flash CPLD 


FLASH370i™ family of high-density, high-speed CPLDs. Like 
all members of the FLASH370i family, the CY7C372i is de- 
signed to bring the ease of use and high performance of the 
22V10, as well as PCI Local Bus Specification support, to 
high-density CPLDs. 


Like all of the UltraLogic FLASH370i devices, the CY7C372i is 
electrically erasable and In-System Reprogrammable (ISR), 
which simplifies both design and manufacturing flows, thereby 
reducing costs. The Cypress ISR function is implemented 
through a JTAG serial interface. Data is shifted in and out 
through the SDI and SDO pins. The ISR interface is enabled 
using the programming voltage pin (ISRey). Additionally, be- 
cause of the superior routability of the FLASH370i devices, ISR 
often allows users to change existing logic designs while si- 
multaneously fixing pinout assignments. 


The 64 macrocells in the CY7C372i are divided between four 
logic blocks. Each logic block includes 16 macrocells, a 

72 x 86 product term array, and an intelligent product term 
allocator. 


The logic blocks in the FLASH370i architecture are connected 
with an extremely fast and predictable routing resource—the 
Programmable Interconnect Matrix (PIM). The PIM brings flex- 
ibility, routability, speed, and a uniform delay to the intercon- 
nect. 


CLOCK 
INPUTS 


[—} INPUT/CLOCK 
a 
ae 


LOGIC 
BLOCK 


MACROCELLS 


D 
LOGIC 
BLOCK 


16 7¢372i-1 
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Pin Configuration (continued) 


V/Oo7/SDI 
VO2g 


Functional Description (continued) 


Like all members of the FLASH370i family, the CY7C372i is rich 
in I/O resources. Every two macrocells in the device feature an 
associated I/O pin, resulting in 32 I/O pins on the CY7C372i. 
In addition, there are three dedicated inputs and two in- 
put/clock pins. | 


Finally, the CY7C372i features a very simple timing model. 
Unlike other high-density CPLD architectures, there are no 
hidden speed delays such as fanout effects, interconnect de- 
lays, or expander delays. Regardless of the number of resourc- 
es used. or the type of application, the timing parameters on 
the CY7C372i remain the same. 


Logic Block 


The number of logic blocks distinguishes the members of the 
FLASH370i family. The CY7C372i includes four logic blocks. 
Each logic block is constructed of a product term array, a prod- 
uct term allocator, and 16 macrocells. 


Product Term Array 


The product term array in the FLASH370i logic block includes 
36 inputs from the PIM and outputs 86 product terms to the 
product term allocator. The 36 inputs from the PIM are avail- 
able in both positive and negative polarity, making the overall 
array size 72 x 86. This large array in each logic block allows 
for very complex functions to be implemented in a single pass 
through the device. 


Product Term Allocator 


The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be 
assigned to any of the logic block macrocells (this is called 
product term steering). Furthermore, product terms can be 
shared among multiple macrocells. This means that product 
terms that are common to more than one output can be imple- 
mented in a single product term. Product.term steering and 
product term sharing help to increase the effective density of 
the FLASH370 PLDs. Note that product term allocation is han- 
died by software and is invisible to the user. 


I/O Macrocell 


Half of the macrocells on the CY7C372i have separate I/O pins 
associated with them. In other words, each I/O pin is shared 


CY7C372i 


by two macrocells. The input to the macrocell is the sum of 
between 0 and 16 product terms from the product term alloca- 
tor. The macrocell includes a register that can be optionally 
bypassed. It also has polarity control, and two global clocks to 
trigger the register. The I/O macrocell also features a separate 
feedback path to the PIM so that the register can be buried if 
the I/O pin is used as an input. 


Buried Macrocell 


The buried macrocell is very similar to the I/O macrocell. 
Again, it includes a register that can be configured as combi- 
natorial, as a D flip-flop, a T flip-flop, or a latch. The clock for 
this register has the same options as described for the |/O 
macrocell. One difference on the buried macrocell is the addi- 
tion of input register capability. The user can program the bur- 
ied macroceil to act as an input register (D-type or latch) 
whose input comes from the I/O pin associated with the neigh- 
boring macrocell. The output of all buried macrocells is sent 
directly to the PIM regardless of its configuration. 


Programmable Interconnect Matrix 


The Programmable Interconnect Matrix (PIM) connects the 
four logic blocks on the CY7C372i to the inputs and to each 
other. All inputs (including feedbacks) travel through the PIM. 
There is no speed penalty incurred by signals traversing the 
PIM. 


Programming 


For an overview of ISR programming, refer to the FLASH370i 
Family data sheet and for ISR cable and software specifica- 
tions, refer to ISR data sheets. For a detailed description of 
ISR capabilities, refer to the Cypress application note, “An In- 
troduction to In System Reprogramming with FLASH370i.” 


PCI Compliance 


The FLASH370i family of CMOS CPLDs are fully compliant with 
the PCI Local Bus Specification published by the PCI Special 
Interest Group. The simple and predictable timing model of 
FLASH370i ensures compliance with the PCI AC specifications 
independent of the design. On the other hand, in CPLD and 
FPGA architectures without simple and predictable timing, PCI 
compliance is dependent upon routing and product term dis- 
tribution. 


Bus Hold Capabilities on all I/Os and Dedicated Inputs 


In addition to ISR capability, a new feature called bus-hold has 
been added to all FLASH370i I/Os and dedicated input pins. 
Bus-hold, which is an improved version of the popular internal 
pull-up resistor, is a weak latch connected to the pin that does 
not degrade the device’s performance. As a latch, bus-hold 
recalls the last state of a pin when it is three-stated, thus re- 
ducing system noise in bus-interface applications. Bus-hold 
additionally allows unused device pins to remain unconnected 
on the board, which is particularly useful during prototyping as 
designers can route new signals to the device without cutting 
trace connections to VCC or GND. 


Design Tools 


Development software for the CY7C372i is available from Cy- 
press’s Warp2®, Warp2Sim™, and Warp3® software packag- 
es. Both of these products are based on the IEEE standard 
VHDL language. Cypress also supports third-party vendors 
such as ABEL™, CUPL™, and LOG/iC™. Please refer to 
thrid-party tool support data sheets for further information. 
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Maximum Ratings Output Current into Outputs ...............::csceeeseeeeeeseeeeeeees 16 mA 
(Above which the useful life may be impaired. For user guide- ie ae ee 301 5) ee gE es maveuN 
lines, not tested.) 

SPACE TENDS IANS: tie beratteiattencetecees 65°C to +150°C Latch> Up: CUCM sacs cusssivatescus sane spukces ssesasetnansveecavensass >200 mA 
Ambient Temperature with 

Power Applied ........c.cccccccesescsceseeeseesecesseeees —55°C to +125°C Operating Range 

Supply Voltage to Ground Potential ............... —0.5V to +7.0V 
AHN CE weeeontecy -0.5V to +7.0V 
DC Input Volta g@sciaiecscnasancieancentstane -0.5V to 47.0V 
DC Programm VOMAGC ssawececveecdseeg ne esccaecs eatennce ate Hccceands 12.5V Military!” 


Electrical Characteristics Over the Operating Rangel! 


Von Output HIGH Voltage Voc = Min. | loy =—3.2 mA (Com’V/Ind)!®) 
fo Pee fen giesom a a 
Voc = Min. | Io, = 16 mA (Com’V/Ind)!! ae 

een lo, = 12 mA (Mil) eo 

Vin Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all 
Yer [Peers [putts oseoee crore at |e 


Input LOW Voltage Guaranteed Input Logical LOW Voltage for all - 
Inputs!4] 


Input Load Current V, = Internal GND, V; = Vcc | -10 | | +10 | LA 
Output Leakage Current | GND < Vo < Vcc, Output Disabled | -50 | 


= 0S | 50 
los Output Short Voc = Max., Vout = 0.5V 30 
Circuit Current!>: 61 


aa 


f= 1 MHz, VIN == GND, Voc Com’ cy —66 


Input Bus Hold LOW 
Overdrive Current 


Input Bus Hold HIGH 
Overdrive Current 


Capacitance" 


Cyol® Input Capacitance Vin = 5.0V at f=1 MHz Pe al 
Clock Signal Capacitance | Vy, = 5.0V at f = 1 MHz 1 


Notes: 

T, is the “instant on” case temperature. 

See the last page of this specification for Group A subgroup testing information. 

For SDO: lou =-2 mA, lot =2mA. 

These are absolute values with respect to device ground. All overshoots due to system or tester noise are included. 
Not more than one output should be tested at a time. Duration of the short circuit should not exceed 1 second. Voyry = 0.5V has been chosen to avoid test 
problems caused by tester ground degradation. 

Tested initially and after any design or process changes that may affect these parameters. 

Meaured with 16-bit counter programmed into each logic block. 

Cro for dedicated Inputs, and for I/O pins with JTAG functionality is 12 pF Max., and for ISRey is 15pF Max. 

Cio for CLCC package is 15 pF Max. 


COND ARON > 


3-79 


CY7C372i 


Ww 


a 
a 

Wr 4s, 

tal 


CYPRESS 


inductance 
Test Conditions 44-Lead CLCC | 44-Lead PLCC 


Endurance Characteristics : 
nmi it Cycles 


INS 73 dl Minimum Reprogramming Cycles Normal Programming Conditions 
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ee 


\ 


co 
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AC Test Loads and Waveforms 


238Q (com'l) 238Q, (com') 
319Q (mil) 3192 (mil) 
5V s 
OUTPUT eas OUTPUT 170Q (com'l) 
QQ (com' 5 oF 236Q (mil) 
a T 2360 (mil) | ij 

ears NG = == atest aa = = 7¢372i-3 
SCOPE (a) SCOPE (b) 


ALL INPUT PULSES 


Equivalent to:  THEVENIN EQUIVALENT 3.0V 
99Q (com'l) 
136Q (mil) 2.08V(com'l) — GND 
OUTPUT O———wws 0». 2.13 Vil) ae be aes 
< < 
(c) 7¢372i-4 


Parameter!'© Output Waveform Measurement Level 
V OH 
ae - 
2.6V 


(d) Test Waveforms 


Notes: 
10. teR measured with 5-pF AC Test Load and te, measured with 35-pF AC Test Load. 
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Switching Characteristics Over the Operating Range!!! 


7C372i-66 
70372i-125 | 7C372i-100 | 7C372i-83 | 7C372iL-66 
Parameter Description 


| Min. | Max. | Min. | Max. | Min. | Max. | Min. | Max. 
Combinatorial Mode Parameters 


Input to Combinatorial Output 


tpp Input to Output Through Transparent Input or 
Output Latch 


tppL Input to Output Through Transparent Input and 
Output Latches 


— 
ine) 
4 
oO 
NO 
oO 


NO 
NO 
> 
a| al 


Input to Output Enable 


tEA 
ter Input to Output Disable 


Input Registered/Latched Mode Parameters 


Clock or Latch 


tico Input Register Clock or Latch Enable to 
Combinatorial Output 

ticoL Input Register Clock or Latch Enable to Output 
Through Transparent Output Latch 

Output Registered/Latched Mode Parameters 


Clock or Latch Enable to Output 


Set-Up Time from Input to Clock or Latch 5.5 
Enable 


Register or Latch Data Hold Time 


| = — i} ot 
Bl] A o1 WO! oO 
aaa es ad a 
O1'D;| MD! o 
oa ee ee OC 
O!1o; Of @® 


NO NO 


Nh} PO NO 


twe 
tWH 
tis 
tH 


_~ 
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— <o} 
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NO —_ 
— © 
> 
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— are 
© (o>) 


o1 
EE 
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6. 


oO 
3 
” 


tco 
ts 
ty 
tcoe Output Clock or Latch Enable to Output Delay 


(Through Memory Array) 


Output Clock or Latch Enable to Output Clock 
or Latch Enable (Through Memory Array) 


+ 
wM 
‘@) 
” 


[ad 


SL Set-Up Time from Input Through Transparent 
Latch to Output Register Clock or Latch Enable 


tHe Hold Time for Input Through Transparent Latch 
from Output Register Clock or Latch Enable 


” 


< 
a 
N 


Maximum Frequency with Internal Feedback in 
Output Registered Mode (Least of 1/gcs, 


imax 


NO poe 
fn) ol 


(ts + ty): or iiteve) og 
Maximum Frequency Data Path in Output Reg- 


153.8 153.8 125 100 MHz 


istered/Latched Mode (Lesser of 1/(tyw + tw), 
Its + ty), oF 1/tgo) 6 


fmax3 Maximum Frequency with External Feedback | 83.3 
(Lesser of 1/(teo + ts) and (tw + tw)! 


ton ty Output Data Stable from Output clock Minus 
37K Input Register Hold Time for 7C37x®: 121 


Note: 

11. All AC parameters are measured with 16 outputs switching and 35-pF AC Test Load. feces 

12. This specification is intended to guarantee interface compatibility of the other members of the CY7C370i family with the CY7C372i. This specification is met 
for the devices operating at the same ambient temperature and at the same power supply voltage. 
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Switching Characteristics Over the Operating Range!''! (continued) 


7C372i-66 
, 7C0372i-125 | 7C372i-100 | 7C372i-83 | 7C372iL-66 
Parameter Description 


Pipelined Mode Parameters . 


ios ___[nput Register Giockio OubputRegiter ok | 8 | [1] [| |] [rw 


Gg es Mi Me my PE 


of (tog + tis), Thtics, (tw. + tw): IKtis + ti); or 
) 
Asynchronous esata [wo | | w@] [6] [| [we 
a ae ELS 


T/tscs 

tow | | | 

ix [Asynvenous Reet Recon Tine [a [a 

ino [hayhronoue Resstto Oued ee a pe 
iw [Asyrcvenou Preset wa | 70 | 

fn [Asyrcronous Preset Reon Ting [ta [ 

ino [Asrchrorous Preeetio Quint [| 7 


Tap Controller Parameter 


fp [Tap Contvoler Frequency ——~=~=«z SOO] —* soo] [sw] [sw] [we 


Switching Waveforms 


Combinatorial Output 


INPUT 


tpp 


* COMBINATORIAL 
OUTPUT 
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Registered Output 


INPUT 


CLOCK 


REGISTERED 
OUTPUT 


twH tWe 


CLOCK 
70372i-6 
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Switching Waveforms (continued) 


Latched Output 


LATCH ENABLE 


LATCHED 
OUTPUT 


Registered Input 


REGISTERED 
INPUT 


INPUT REGISTER 
CLOCK 


COMBINATORIAL 
OUTPUT 


CLOCK 


Clock to Clock 


INPUT REGISTER 
CLOCK 


OUTPUT 
REGISTER CLOCK 


tppL 


twH 


tis 


tico 


tics 
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Switching Waveforms (continued) 
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Latched Input and Output 
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ticoL ts 
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ENABLE 
tics 
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ENABLE 
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LATCH ENABLE 


Asynchronous Reset 
taw 
tro 
REGISTERED AN ANG ANG 
OUTPUT XXKXYO Ci 
taR 
CLOCK 
7¢6372i-12 
Asynchronous Preset 
iw 
INPUT CD 
tpo | 
REGISTERED OX Cl 
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CLOCK 
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Switching Waveforms (continued) 


Output Enable/Disable 
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Ordering Information 


Package 
(M551Hz) Ordering Code Name Package Type 


Speed | 
125 CY7C372i-125JC | S67 44-Lead Plastic Leaded Chip Carrier 
100 
83 


100 [ev7es7art001e | 67 | 4#-LeadPlstc Leaded Chip Cavier ‘| Commercial 
industiat 


44-Lead Ceramic Leaded Chip Carrier Military 
44-Lead Plastic Leaded Chip Carrier Industrial 


44-Lead Plastic Leaded Chip Carrier 


CY7C372i-83YMB 44-Lead Ceramic Leaded Chip Carrier Military 


CY7C372i-66YMB 
CY7C372i-66uI 
CY7C372iL-66JC | S67 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


ix 
loc 


i665 9, 10, 11 


a 
eo ee 
Document #: 38-00498-B ett) 


ISR, UltraLogic, FLASH370, FLASH370i, and Warp2Sim are trademarks of Cypress Semiconductor Corporation. 
Warp2 and Warp are registered trademarks of Cypress Semiconductor. 

ABEL is a trademark of Data I/O Corporation. 

LOG/iC is a trademark of Isdata Corporation. 

CUPL is a trademark of Logical Devices Incorporated. 
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Features 


¢ 64 macrocells in four logic blocks 

¢ 64 1/0 pins 

- 5 dedicated inputs including 4 clock pins 

In-System Reprogrammable (ISR™) Flash technology 
— JTAG interface 

Bus Hold capabilities on all I/Os and dedicated inputs 
No hidden delays 

High speed 

— fuay = 125 MHz 

—tpp =10ns 

—ts =5.5 ns 

—tco =6.5ns 

Fully PC! compliant . 

Available in 84-pin PLCC and 100-pin TQFP packages 
Pin compatible with the CY7C374i 


Logic Block Diagram 
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Selection Guide 


Maximum Propagation Delay (ns 


) 


Minimum Set-up, ts (ns) 


Maximum Clock to Output, tco (ns) 


Typical Supply Current, Ic¢c (mA) 
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CY7C373i 


UltraLogic™ 64-Macrocell Flash CPLD 


Functional Description 


The CY7C373i is an In-System Reprogrammable Complex 
Programmable Logic Device (CPLD) and is part of the 
FLASH370i™ family of high-density, high-speed CPLDs. Like 
all members of the FLASH370i family, the CY7C373i is de- 
signed to bring the ease of use and high performance of the 
22V10, as well as PCI Local Bus Specification support, to 
high-density CPLDs. 


Like all of the UltraLogic FLASH370i devices, the CY7C373i is 
electrically erasable and In-System Reprogrammable (ISR), 
which simplifies both design and manufacturing flows, thereby 
reducing costs. The Cypress ISR function is implement- 
edthrough a JTAG serial interface. Data is shifted in and out 
through the SDI and SDO pins.The ISR interface is enabled 
using the programming voltage pin (ISR_ey). Additionally, be- 
cause of the superior routability of the FLASH370i devices, ISR 
often allows users to change existing logic designs while si- 
multaneously fixing pinout assignments. 
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Functional Description (continued) 


i 


The 64 macrocells in the CY7C373i are divided between four 
logic blocks. Each logic block includes 16 macrocells, a 72 x 
86 product term array, and an intelligent product term allocator. 


The logic blocks in the FLASH370i architecture are connected 
with an extremely fast and predictable routing resource—the 
Programmable Interconnect Matrix (PIM). The PIM brings flex- 
ibility, routability, soeed, and a uniform delay to the intercon- 
nect. 


Like all members of the FLASH370i family, the CY7C373i is rich 
in I/O resources. Every macrocell in the device features an 
associated I/O pin, resulting in 64 I/O pins on the CY7C373i. 
In addition, there is one dedicated input and four input/clock 
pins. 


Finally, the CY7C373i features a very simple timing model. 
Unlike other high-density CPLD architectures, there are no 
hidden speed delays such as fanout effects, interconnect de- 
lays, or expander delays. Regardless of the number of resourc- 
es used or the type of application, the timing parameters on 
the CY7C373i remain the same. 


Logic Block 


The number of logic blocks distinguishes the members of the 
FLASH370i family. The CY7C373i includes four logic blocks. 
Each logic block is constructed of a product term array, a prod- 
uct term allocator, and 16 macrocells. 


Product Term Array 


The product term array in the FLASH370i logic block includes 
36 inputs from the PIM and outputs 86 product terms to the 
product term allocator. The 36 inputs from the PIM are avail- 
able in both positive and negative polarity, making the overall 
array size 72 x 86. This large array in each logic block allows 
for very complex functions to be implementen! in single passes 
through the device. 


Product Term Allocator 


The product term allocator is a dynamic, configurable resource 
that shifts product term resources to macrocells that require 
them. Any number of product terms between 0 and 16 inclu- 
sive can be assigned to any of the logic block macrocells (this 
is called product term steering). Furthermore, product terms 
can be shared among multiple macrocells. This means that 
product terms that are common to more than one output can 
be implemented in a single product term. Product term steer- 
ing and product term sharing help to increase the effective 
density of the FLASH370i CPLDs. Note that the product term 
allocator is handled by software and is invisible to the user. 


I/O Macrocell 


Each of the macrocells on the CY7C373i has a separate |I/O 
pin associated with it. In other words, each I/O pin is shared by 


CY7C373i 


two macrocells. The input to the macrocell is the sum of be- 
tween 0 and 16 product terms from the product term allocator. 
The macrocell includes a register that can be optionally by- 
passed, polarity control over the input sum-term, and two glo- 
bal clocks to trigger the register. The macrocell also features 
a separate feedback path to the PIM so that the register can 
be buried if the I/O pin is used as an input. 


Programmable Interconnect Matrix 


The Programmable Interconnect Matrix (PIM) connects the 
four logic blocks on the CY7C373i to the inputs and to each 
other. All inputs (including feedbacks) travel through the PIM. 
There is no speed penalty incurred by signals traversing the 
PIM. 


Programming 


For an overview of ISR programming, refer to the FLASH370i 
Family data sheet and for ISR cable and software specifica- 
tions, refer to ISR data sheets. For a detailed description of ISR 
capabilities, refer to the Cypress application note, “An Intro- 
duction to In System Reprogramming with FLASH370i.” 


PCI Compliance 


The FLASH370i family of CMOS CPLDs are fully compliant with 
the PCI Local Bus Specification published by the PCI Special 
Interest Group. The simple and predictable timing model of 
FLASH370i ensures compliance with the PCI AC specifications 
independent of the design. On the other hand, in CPLD and 
FPGA architectures without simple and predictable timing, PC! 
compliance is dependent upon routing and product term dis- 
tribution. 


Bus Hold Capabilities on all l/Os and Dedicated Inputs 


In addition to ISR capability, a new feature called bus-hold has 
been added to all FLASH370i I/Os and dedicated input pins. 
Bus-hold, which is an improved version of the popular internal 
pull-up resistor, is a weak latch connected to the pin that does 
not degrade the device’s performance. As a latch, bus-hold 
recalls the last state of a pin when it is three-stated, thus re- 
ducing system noise in bus-interface applications. Bus-hold 
additionally allows unused device pins to remain unconnected 
on the board, which is particularly useful during prototyping as 
designers can route new signals to the device without cutting 
trace connections to Vcc or GND. 


Design Tools 


Development software for the CY7C373i is available from Cy- 
press’s Warp2®, Warp2Sim™, and Warp3® software packag- 
es. Both of these products are based on the IEEE standard VHDL 
language. Cypress also supports third-party vendors such as 
ABEL™, CUPL™, and LOG/iC™. Please refer to third-party tool 
support data sheets for further information. 
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———_ x CY7C373i 
Maximum Ratings DC Program Voltage ...........:ccessssssesesseeeessssesseeseeseeeeeess 12.5V 
(Above which the usefut life may be impaired. For user guide- meet current INO QUIDUNS eens cael casencstwidsspeestia cans 16 mA 
lines, not tested.) Static Discharge Voltage. ............cccccccceeeessssneneneeeeeees >2001V 
Storage Temperature .............cccccscsecsseeseeeees —65°C to +150°C PSOE Deer ed oes) 

; ; Latch—Up Current ..........:ccccsssecsesessssssssssssseeeeeeeeseeees >200 mA 
Ambient Temperature with : 
Power Applied .....ccccccsscsssssecsssescsssecerssecesssee 55°C to+125°C Operating Range 
Supply Voltage to Ground Potential ............... —0.5V to +7.0V i ands: |. Geen |e | 
DC Voltage Applied to Outputs Range Temperature Vec 
iN EIGN State sven rere hens stra diiaiuaanits -0.5V to +7.0V 0°C to +70°C BV £5% 
DC Input Voltage ..........cccecccsesscesseesseeeessseeeees —0.5V to +7.0V Industrial —40°C to +85°C 5V +10% 


Electrical Characteristics Over the Operating Range 


Vi Input HIGH Voltage Guaranteed Input Logical HIGH Voltage for all 2.0 7.0 V 
Inputs! 
Input LOW Voltage robe Input Logical LOW Voltage for all et oe es, 
Inputs 
Input Load Current V, = Internal GND, V; = Voc | -10 | | #10 | pA | 
Output Leakage Current | GND <Vo< Vcc, Output Disabled | 50 | || 80 | pA 
los Output Short Voc = Max., Vout = 0.5V —30 —160 mA 
Circuit Current! 41 
loc Power Supply Current®! | Voc = Max., lot = 0 MA, Com’I/ind. 75 125 | mA 
Vor=MantoupsOma——[Ganivind [| 78 | 125 | mA 
IBHL Input Bus Hold LOW Voc = Min., Vit = 0.8V +75 LA 
Sustaining Current 
IBHH Input Bus Hold HIGH Voc = Min., Viq = 2.0V —75 LA 
Sustaining Current 
IBHLO Input Bus Hold LOW Voc = Max. +500 LA 
Overdrive Current 
IBHHO Input Bus Hold HIGH Voc = Max. —500 LA 
Overdrive Current 


Capacitance"! 


Input Capacitance Vin = 5.0V at f=1 MHz ono! 
Clock Signal Capacitance | Vy = 5.0V at f= 1 MHz 


’ 


owl 

Nh | 
OT/D 
s 


Notes: 


lon =—2mMA, lot = 2 mA for SDO. 
These are absolute values with respect to device ground. All overshoots due to system or tester noise are included. 
Not more than one output should be tested at a time. Duration of the short circuit should not exceed 1 second. Voy = 0.5V has been chosen to avoid test problems 


caused by tester ground degradation. 

Tested initially and after any design or process changes that may affect these parameters. 

Measured with 16-bit counter programmed into each logic block. 

Cyo for dedicated Inputs, and I/Os with JTAG functionality is 12 pF Max., and for ISRen is 15 pF Max. 
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Inductance"! : 
imum Pi Vin = 5.0V at f= 1 MHz ee ee 


Maximum Pin Inductance 


~ 


Endurance Characteristics”! | 
Test Conditions [ Min. | Unit 
[100 | eyes 


AC Test Loads and Waveforms 


238Q (COM'L) 238Q, (COM'L) 
319Q (MIL) ALL INPUT PULSES 
SV 5V 3.0V ———_—— 
OUTPUT OUTPUT | 7 
1702 (COM'L) ae 
35 pF a. 2360 (MIL) 5 pF T 
IGAND = NIGAND > = 4700 (COM'L) rae 
SCOPE . SCOPE 
(b) 7C373i-4 (c) 7C373i-5 


(a) 
THEVENIN EQUIVALENT 


99Q (COM'L) 
2.08V(COM1L) 


OUTPUT O———ww————O 


Parameter! 


teR(-) 1.5V 


‘Equivalent to: 


Output Waveform—Measurement Level 


(d) Test Waveforms 


Note: 
7.  teR Measured with 5-pF AC Test Load and te, measured with 35-pF AC Test Load. 
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70373i-125 | 7C373i-100 | 7C373i-83 | 7C373iL—66 
Parameter Description win. Max. [ in. [Mx [Win [Max | Win. [Wa 


Combinatorial Mode Parameters 


tpp Input to Combinatorial Output 


tppL Input to Output Through Transparent Input or 
Output Latch 

tepe Input to Output Through Transparent Input and 
Output Latches 


tea Input to Output Enable ie 
ter Input to Output Disable ft 


Input Register oraichSetUpTine | 2 
Inout Regist ortaich Hot Time | 2 


tico Input Register Clock or Latch Enable to 
Combinatorial Output 
tico Input Register Clock or Latch Enable to 
Output Through Transparent Output Latch 
Output Registered/Latched Mode Parameters | 


Clock or Latch Enable to Output 4 : 


Set-Up Time from Input to Clock or Latch 5:5 
Enable 


Register or Latch Data Hold Time Es 


] 
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Me) 
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twe 
tWH 
tis 
tH 


— pare 
© (o>) 
— <e) 


a 
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Nh —_ 
- oO 


N NO 
o & 


> 


t 


tco 
S 
ty 


tcoe Output Clock or Latch Enable to Output Delay 
(Through Memory Array) 


~ 
” 


tscs Output Clock or Latch Enable to Output Clock i. 
Set-Up Time from Input Through Transparent 
Latch to Output Register Clock or Latch 


or Latch Enable (Through Memory Array) 
10 
Enable 


tH Hold Time for Input Through Transparent Latch 
from Output Register Clock or Latch Enable 


+ 
wo 
— 


MHz 


jee) 
ao 


— — 

o1 NO 
— 
© 


gl 
38 


fax Maximum Frequency with Internal Feedback 125 
(Least of t/tgcg, 1(tg + ty), OF T/tgo)4! 


Maximum Frequency Data Path in Output 
Registered/Latched Mode (Lesser of 1/(tyw,_ + 


tw); Tits + ty), or theo)! 


Maximum Frequency of (2) CY7C373is with 
External Feedback (Lesser of 1/(tco + ts) and 


tty + tw)! 


tonctn Output Data Stable from Output clock Minus 
37x Input Register Hold Time for 7C37x" 9 


Notes: 
8. All AC parameters are measured with 16 outputs switching and 35-pF AC Test Load. oe Pome? eee 
9. This specification is intended to guarantee interface compatibility of the other members of the CY7C370i family with the CY7C373i. This specification is met 
for the devices operating at the same ambient temperature and at the same power supply voltage. 
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Description 


Pipelined Mode Parameters 


Input Register Clock to Output Register Clock 


Maximum Frequency in Pipelined Mode (Least 
of (top + tis), Thics, 1/(twe + tw): IK(tis + ty); or 
T/tgcs) 


Reset/Preset Parameters 


Asynchronous Reset Width"! 
Asynchronous Reset Recovery Time! 
Asynchronous Reset to Output 
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Asynchronous Preset Width!4! 


Asynchronous Preset Recovery Time!4l 
Asynchronous Preset to Output 


Power-On Reset! 


tRo 
tpw 
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Tap Controller Parameter | 


foe [TapContoterFreweny _———«dt 600 | —| 80| 


Switching Waveforms 


[00 [500 


Combinatorial Output 
INPUT 


tpp 
COMBINATORIAL 


OUTPUT 
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INPUT Gl, 
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CLOCK 
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REGISTERED 
OUTPUT 
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Switching Waveforms (continued) 


Latched Output 


INPUT 
ty 


\ 


LATCH ENABLE 
tppL 
7C373i-8 


LATCHED 
OUTPUT 


Clock to Clock 
REGISTERED 
INPUT 


tscs 


INPUT REGISTER 
CLOCK 
tics 
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OUTPUT 
REGISTERCLOCK 


Latched Input 


LATCHED INPUT 
tH 


tico 


LATCH ENABLE 
tppL 
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tWwH 
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Switching Waveforms (continued) _ 
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Asynchronous Reset 
| trw 
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REGISTERED reSCSS C4 
OUTPUT /\ L\f\/—~ 
tRR 
CLOCK 
7C0373i-13 
Asynchronous Preset 
tpw —-———> 
tpo 
REGISTERED xx xX > Cd 
OUTPUT /\/\/\l/~ 
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Switching Waveforms (continued) 


I) 


~~ 


Output Enable/Disable 
tea 
OUTPUTS SS Loe / 


LLiL/ NAMA 


7C373i-16 


Ordering Information 


(MHz) Ordering Code Type Type Range 
125 Commercial 
Cv7ca7a-125I6 «BSA LeadPlasticleaded Chip Garier | 
83 


EVIOS7S100I0___| ‘Je |e-Lead Plasto Leaded Chip Carin 
evrcs7s-83J0 | v8 _[eé-Lead Plastic Leaded Chip Carier = 


evres7si-e6JC | v88_[ee-Lead Plastic Leaded ChpCarier =| 
cvres7s-G6s1 | _J83_[e-Lead Plastic Leaded Chip Carer 
66 [ovroe7ai-seJC | Ja8_[at-Lead PastoLeaded Chip Carier 


Document #: 38—00495—-B 


FLASH370, FLASH370i, ISR, UltraLogic, and Warp2Sim are trademarks of Cypress Semiconductor Corporation. 
Warp2 and Warp3 are registered trademarks of Cypress Semiconductor. 

ABEL is a trademark of Data I/O Corporation. 

LOG/IC is a trademark of Isdata Corporation. 

CUPL is a trademark of Logical Devices Incorporated. 
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Features 


128 macroceils in eight logic blocks 

64 1/O pins 

5 dedicated inputs including 4 clock pins 

In-System Reprogrammable (ISR™) Flash technology 
— JTAG interface 
Bus Hold capabilities on all I/Os and dedicated inputs 
No hidden delays 

High speed 

— fax = 125 MHz 

—tpp =10ns 

—ts = 5.5 ns 

—tco = 6.5 ns 

Fully PCI compliant 


Available in 84-pin PLCC, 84-pin CLCC, and 100-pin 
TQFP packages 
Pin compatible with the CY7C373i 


Logic Block Diagram 


fax id: 6139 


CY7C374i 


UltraLogic™ 128-Macrocell Flash CPLD 


Functional Description 


The CY7C374i is an In-System Reprogrammable Complex 
Programmable Logic Device (CPLD) and is part of the 
FLASH370i™ family of high-density, high-speed CPLDs. Like 
all members of the FLASH370i family, the CY7C374i is de- 
signed to bring the ease of use as well as PCI Local Bus Spec- 
ification support and high performance of the 22V10 to 
high-density CPLDs. 


Like all of the UltraLogic FLASH370i devices, the CY7C374i is 
electrically erasable and In-System Reprogrammable (ISR), 
which simplifies both design and manufacturing flows thereby 
reducing costs. The Cypress ISR function is implemented 
through a JTAG serial interface. Data is shifted in and out 
through the SDI and SDO pin. The ISR interface in enabled 
using the programming voltage pin (ISRey). Additionally, be- 
cause of the superior routability of the FLASH370i devices, ISR 
often allows users to change existing logic designs while si- 
multaneously fixing pinout assignments. 


CLOCK 


INPUTS INPUTS 


VO y-VO7 


VOg-VO45 


V/Oo4-V/034 


Selection Guide 


Maximum Propagation Delay tpp (ns) 
Minimum Set-Up, ts (ns) 


Maximum Clock to Output, tco (ncs) 


INPUT/CLOCK 
MACROCELLS 


VOsg—V/Oga 


VO4g-VOrg 


VO 4q-V/O47 


7C374i-1 


Typical Supply Current, lec (mA) 


Shaded ares contain advanced information. 
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Functional Description (continued) 


The 128 macrocells in the CY7C374i are divided between 
eight logic blocks. Each logic block includes 16 macrocells, a 
72 x 86 product term array, and an intelligent product term 
allocator. 


The logic blocks in the FLASH370i architecture are connected 
with an extremely fast and predictable routing resource—the 
Programmable Interconnect Matrix (PIM). The PIM brings flex- 
ibility, routability, speed, and a uniform delay to the intercon- 
nect. 


Like all members of the FLASH370i family, the CY7C374i is rich 
in I/O resources. Every two macrocells in the device feature an 
associated I/O pin, resulting in 64 I/O pins on the CY7C374i. 
In addition, there is one dedicated input and four input/clock 
pins. 

Finally, the CY7C374i features a very simple timing model. 
Unlike other high-density CPLD architectures, there are no 
hidden speed delays such as fanout effects, interconnect de- 
lays, or expander delays. Regardless of the number of resourc- 
es used or the type of application, the timing parameters on 
the CY7C374i remain the same. 


Logic Block 


The number of logic blocks distinguishes the members of the 
FLASH370i family. The CY7C374i includes eight logic blocks. 
Each logic block is constructed of a product term array, a prod- 
uct term allocator, and 16 macrocells. 


Product Term Array 


The product term array in the FLASH370i logic block includes 
36 inputs from the PIM and outputs 86 product terms to the 
product term allocator. The 36 inputs from the PIM are avail- 
able in both positive and negative polarity, making the overall 
array size 72 x 86. This large array in each logic block allows 
for very complex functions to be implemented in single passes 
through the device. 


Product Term Allocator 


The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be 
assigned to any of the logic block macrocells (this is called 
product term steering). Furthermore, product terms can be 
shared among multiple macrocells. This means that product 
terms that are common to more than one output can be imple- 
mented in a single product term. Product term steering and 
product term sharing help to increase the effective density of 
the FLASH370i CPLDs. Note that product term allocation is 
handled by software and is invisible to the user. 


I/O Macrocell 


Half of the macroceils on the CY7C374i have I/O pins associ- 
ated with them. The input to the macrocell is the sum of be- 
tween 0 and 16 product terms from the product term allocator. 
The !/O macrocell includes a register that can be optionally 
bypassed, polarity control over the input sum-term, and two 
global clocks to trigger the register. The macrocell also fea- 
tures a separate feedback path to the PIM so that the register 
can be buried if the I/O pin is used as an input. 


CY7C374i 


Buried Macrocell 


The buried macrocell is very similar to the I/O macrocell. 
Again, it includes a register that can be configured as combi- 
natorial, as a D flip-flop, a T flip-flop, or a latch. The clock for 
this register has the same options as described for the I/O 
macrocell. One difference on the buried macrocell is the addi- 
tion of input register capability. The user can program the bur- 
ied macrocell to act as an input register (D-type or latch) 
whose input comes from the I/O pin associated with the neigh- 
boring macrocell. The output of all buried macrocells is sent 
directly to the PIM regardless of its configuration. 


Programmable Interconnect Matrix 


The Programmable Interconnect Matrix (PIM) connects the 
eight logic blocks on the CY7C374i to the inputs and to each 
other. All inputs (including feedbacks) travel through the PIM. 
There is no speed penalty incurred by signals traversing the 
PIM. 


Programming 


For an overview of ISR programming, refer to the FLASH370i 
Family data sheet and for ISR cable and software specifica- 
tions, refer to ISR data sheets. For a detailed description of ISR 
capabilities, refer to the Cypress application note, “An intro- 
duction to In System Reprogramming with FLASH370i.” 


PCI Compliance 


The FLASH370i family of CMOS CPLDs are fully compliant with 
the PCI Local Bus Specification published by the PCI Special 
Interest Group. The simple and predictable timing model of 
FLASH370i ensures compliance with the PCI AC specifications 
independent of the design. On the other hand, in CPLD and 
FPGA architectures without simple and predictable timing, PCI 
compliance is dependent upon routing and product term dis- 
tribution. 


Bus Hold Capabilities on all I/Os and Dedicated Inputs 


In addition to ISR capability, a new feature called bus-hold has 
been added to all FLASH370i I/Os and dedicated input pins. 
Bus-hold, which is an improved version of the popular internal 
pull-up resistor, is a weak latch connected to the pin that does 
not degrade the device’s performance. As a latch, bus-hold 
recalls the last state of a pin when it is three-stated, thus re- 
ducing system noise in bus-interface applications. Bus-hold 
additionally allows unused device pins to remain unconnected 
on the board, which is particularly useful during prototyping as 
designers can route new signals to the device without cutting 
trace connections to Vcc or GND. 


Design Tools 


Development software for the CY7C374i is available from Cy- 
press’s Warp2®, Warp2Sim™, and Warp3® software packag- 
es. Both of these products are based on the IEEE standard 
VHDL language. Cypress also supports third-party vendors 
such as ABEL™, CUPL™, and LOG/iC™. Please refer to 
third-party tool support data sheets for further information. 
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Pin Configurations 
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Top View 


PGA 
Bottom View 
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GND 
O55 
1/O54/SDI 
1/053 
/Ose 
1/054 
1/050 
/O49 
1/0, 
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Vcc 
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1/047 
1/046 
1/045 
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Pin Configurations 


SCLK 
GND 
/Og 
1/Og 
VOi9 
VO44 
1/040 
O43 
VO+,4 
VO1s 
CLKo/lo 
Vcc 
N/C 
GND 
CLK4/ly 
VO1g 
1/047 
VOig 
VOr9 
1/029 
O21 
VO 
O23 
Vec 
NC 


a © 
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Lt 8 
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a 
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TQFP 
Top View 
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98acgcg0c9 5S 828 8oddodooo0 Ze 
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SDI 
Vec 
1/055 
VO54 
053 
V/Ose 
1/054 
V/Oso 
O49 
V/O4g 
CLKa/I4 
GND 
NC 
Voc 
CLKo/I3 
O47 
V/Oag 
V/Oa5 
O44 
1/043 
VOq42 
/Oa1 
/O40 
GND 
NC 
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Maximum Ratings 


(Above which the useful life may be impaired. For user guide- 
lines, not tested.) 7 


Storage Temperature .......cccccccseeeees vee 65°C to +150°C 
Ambient Temperature with 

Power Applied ............cccccccccssssssseeceseceeeeeeeees —55°C to +125°C 
Supply Voltage to Ground Potential ............... —0.5V to +7.0V 
DC Voltage Applied to Outputs 

IALFUIGH 2 SUANS axes ccstisccenavedcacsencsassenQetlavenbeendes —0.5V to +7.0V 
DC INPuUt VOMA GC sis Avecaicasicesiecd deiieececnesesadeeds —0.5V to +7.0V 
DC Program Voltage ............:::::scccsseseeesenseneesesceoeeenentes 12.5V 


Electrical Characteristics Over the Operating Range! 


CY7C374i 


Output Current into OUtpUtS .............. ce eeeeseteeeeeneeerees 16 mA 


Static Discharge Voltage.............c:seesseeccseeeteneeeeeeeees >2001V 
(per MIL-STD-883, Method 3015) 


. eaten Current cactijetsitorcie diene niente >200 mA 


Operating Range 


Ambient 
Range Temperature 


C10 470°C 


Industrial —40°C to +85°C ~ 
Military —55°C to +125°C 


Test Conditions 


loy = 2.0 mA (Mil) 


Output LOW Voltage lo, = 16 mA (Com’I/Ind) 


Output HIGH Voltage low =—3.2 mA (Com’I/Ind) 


lo. = 12 mA (Mil) 


Input HIGH Voltage Guaranteed Input Logical HIGH voltage for all 
inputs!4] 

Input LOW Voltage Gueraniees Input Logical LOW voltage for all in- 
puts 


Input Load Current V, = Internal GND, V| = Voc 
Output Leakage Current | GND < Vo < Vcc, Output Disabled 


Output Short 
Circuit Current!®: © 


Vec = Max Vout 0.5V . 


Voc = Max., lout =0mA, 
f = 1 MHz, Viy = GND, Voc!” 


Input Bus Hold HIGH 
Overdrive Current 


Parameter 


Test Conditions 


Input Capacitance Vin = 5.0V at f=1 MHz 


Clock Signal Capacitance 


Notes: 
1. Ty, is the “instant on” case temperature. 
2 lai the last page of this specification for Group A subgroup testing infor- 
mation. 
3. lon =-—2mA, lo. = 2 mA for SDO. 
4. These are absolute values with respect to device ground. All overshoots 
due to system or tester noise are included. 


Vin = 5.0V atf=1 MHz 


5. Not more than one output should be tested at a time. Duration of the short 
circuit should not exceed 1 second. Vout = 0.5V has been chosen to avoid 
test problems caused by tester ground degradation. 

Tested initially and after any design or process changes that may affect 
these parameters. 

Measured with 16-bit counter programmed into each logic block. 

Cio for the CLCC package are 12 pF Max 

Cro for dedicated Inputs, and for I/O pins with JTAG functionality is 12 pF 
Max., and for ISRey is 15 pF Max. 


ee 
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84-Lead 
CLCC 


[ce __[ Maxim Pin inductance [Vq=S0Vatt=1wz | 8 [8 | 5 


Endurance Characteristics! 


Minimum Reprogramming Cycles Normal Programming Conditions 


AC Test Loads and Waveforms 


Inductance! 
84-Lead 


238Q (COM'L) 


238Q. (COM'L) 
319 (MIL) 319Q (MIL) 30y —— 
5V 5V 
OUTPUT OUTPUT 170Q(COM'L) — | 
236Q (MIL) GN 
35 pF 170Q (COM'L) 5 pF 
L 236Q (MIL) L <2ns > <2ns 
INCLUDING = = — + 
7 = INCLUDING= = 
othe JIG AND 
SCOPE , 
SCOPE (c) 7C374i-6 
(b) 7C374i-5 


(a) 
THEVENIN EQUIVALENT 


99Q (COM'L) 
1362 (MIL) 2.08V (COM'L) 


OUTPUT O——~ww-———O_-:2.13V (MIL) 


tea.) Vihe 


Note: 
10. teR measured with 5-pF AC Test Load and te, measured with 35-pF AC Test Load. 


Equivalent to: 


Output Waveform Measurement Level 
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Description 
Combinatorial Mode Parameters 


Parameter 


Input to Combinatorial Output 


Input to Output Through Transparent Input or 
Output Latch 


Input to Output Through Transparent Input 
and Output Latches 


EA Input to Output Enable 
ER | Input to Output Disable 
Input Registered/Latched Mode Parameters 


Input Register Clock or Latch Enable to Com- : 4 ‘e 
binatorial Output ae 


Input Register Clock or Latch Enable to Out- | 
put Through 
Transparent Output Latch 


Output Registered/Latched Mode Parameters 


Clock or Latch Enable to Output : oe 


Set-Up Time from Input to Clock or Latch En- |: 
able 


Register or Latch Data Hold Time 0. : 


tco2 Output Clock or Latch Enable to Output Delay | - 6 A4- 
(Through Memory Array) Pewee et 


tscs Output Clock or Latch Enable to Output Clock |.” 
or Latch ee 
Enable (Through Memory Array) 


Set-Up Time from Input Through Transparent |. 1 soe 
Latch to 
Output Register Clock or Latch Enable 


Hold Time for Input Through Transparent 
Latch from Output Register Clock or Latch 
Enable 


fMaxt Maximum Frequency with Internal Feedback 2 1 
(Least of 1/tgcg, 1/(tg + ty), or 1/t¢o)/®! 7 


fmaxe Maximum Frequency Data Path in Output aE 
Registered/Latched Mode (Lesser of 1/(tyw, + |... 


twu)> (ts + ty), or 1/teo) 


iMAx3 Maximum Frequency with External Feedback B33" Fee 
(Lesser of (tea + ts) and 1/(twe + twu)) Ee we ‘ 

ton-ty Output Data Stable from Output Clock Minus }.°0. | 

37x Input Register Hold Time for 7C37x!® 121 : 


Pipelined Mode Parameters 


tics __| Input Register Clock to Output RegisterClock|- 8 || 10 | =| 12 | | 15 | 
fMAX4 Maximum Frequency in Pipelined Mode ; oh Seo 

(Least of I/(teo + tis), Thtics, 1/(twe + tw), 
(tig + ty), OF 1/tgcg) 


Shaded ares contain advanced information. 
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) 
rearais0o| rosraies | 70374-06 
70374i-125 | 7C374i-100 | 7C374i-83 | 7C374iL—66 
Parameter te 


Reset/Preset Parameters 


Tew [Asynchronous Reset Wai) [0] [2] 
Ten _[Aaynotwonous eset RecovenTma®T [va] | 1a 
Tao | Aaynorronous Reset to Outpt | 

tpw | Asynchronous Preset Width!® P10) te AB 
[en _[Aaynetvonaus Preset RecoveryTin®™ | v2 | |] |] | | | re 
[co | Aanetwonous Presetio Outpt |_|] |e] | | | | ne 
[TapController Parameter 


Tap Controller Parameter 


Trae [Tap ControlerFrequency _——=~=«d; BOO sOOy—~sOOy «SOY We 


Shaded ares contain advanced information. 
Notes: 


11. All AC parameters are measured with 16 outputs switching and 35-pF AC Test Load. 
12. This specification is intended to guarantee interface compatibility of the other members of the CY7C370i family with the CY7C374i. This specification is met 
for the devices operating at the same ambient temperature and at the same power supply voltage. 


Switching Waveforms 


Combinatorial Output 


INPUT ‘ 
tpp 


COMBINATORIAL 
OUTPUT 


70374i-7 
Registered Output 
INPUT 


ts 
CLOCK 


tco 


REGISTERED 
OUTPUT 


twH twe 


CLOCK 7C374i-8 


Latched Output 
ts ty 
LATCH ENABLE 


tpoL 'co 


LATCHED 
OUTPUT 
70374i-9 
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Switching Waveforms (continued) 
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Registered Input 


Pee INPUT CP 
INPUT 


tis tiH 
INPUT REGISTER 
CLOCK 
tico 
COMBINATORIAL 
OUTPUT 
twH tWe 
CLOCK 
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Latched Input 
tis tH 
LATCH ENABLE | 


tppL tico 


COMBINATORIAL 
OUTPUT 


tw — tw 


LATCH ENABLE 
70374i-11 


Latched Input and Output 


re > CG 
LATCHED 
OUTPUT CES ae 


INPUT LATCH 
ENABLE 


OUTPUT LATCH 
ENABLE 


twH twe 


LATCH ENABLE 
70374i-12 
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Switching Waveforms (continued) 
Asynchronous Reset 
trw 
INPUT KD 
tRo 
REGISTERED 
OUTPUT XXXXK_| 
taR | | 
70374i-13 


CLOCK 
tew ——_——_— 


Asynchronous Preset 


tpo 


INPUT 
XXXKK 
tpR 
7C0374i-14 


REGISTERED 
OUTPUT 
CLOCK 
Output Enable/Disable 
tea 
MAAN Mhhiy 
OUTPUTS ree, << ae 
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Ordering Information 
Speed 


\ 


(iz) 
M25. teeta 
| CY7C374i-1255C © 


CY7C374i-83Jl 


Shaded areas contain preliminary information. 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


ee 
ee 
Va 
ane 
ie 
ee 


Package peeranng 
Ordering Code rane Si aia Range 


oe =n it of od Pl st Tamed Chip Carrier ia 
CY7C374i-100AC Al 00 100- Pin Thin Quad Flat Pack Commercial 
CY7C374i-100JC | J83 84-Lead Plastic Leaded Chip Carrier 
83 CY7C374i-83AC A100} 100-Pin Thin Quad Flat Pack Commercial 
CY7C374i-83JC 84-Lead Plastic Leaded Chip Carrier 
CY7C374i-83Al A100 |; 100-Pin Thin Quad Flat Pack 
| JB 84-Lead Plastic Leaded Chip Carrier 
CY7C374i-83GMB | G84 | 84-Pin Ceramic Pin Grid Array Military 
CY7C374i-83YMB | Y84 | 84-Pin Ceramic Leaded Chip Carrier 
CY7C374i-66AC A100 | 100-Pin Thin Quad Flat Pack Commercial 
CY7C374i-66JC 84-Lead Plastic Leaded Chip Carrier 
CY7C374i-66AlI ~ A100 | 100-Pin Thin Quad Flat Pack Industrial 
CY7C374i-66JI 84-Lead Plastic Leaded Chip Carrier 
CY7C374i-66GMB 84-Pin Ceramic Pin Grid Array Military 
CY7C374i-66YMB 84-Pin Ceramic Leaded Chip Carrier 
CY7C374iL—66AC A100 | 100-Pin Thin Quad Flat Pack Commercial 
CY7C374iL—66JC 2 84-Lead Plastic Leaded Chip Carrier 


veel ‘Commercial _ 


Switching Characteristics 


ee 


Document #: 38-00496-B 


ISR, UltraLogic, FLASH370, FLASH370i, and Warp2Sim, are trademarks of Cypress Semiconductor Corporation. 


Warp2 and Warp3 are registered tradmarks of Cypress Semiconductor Corporation. 
ABEL is a trademark of Data I/O Corporation. 

CUPL is a trademark of Logical Devices Incorporated. 

LOG/iC is a trademark of Isdata Corporation. 
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Features 


128 macrocells in eight logic blocks 

128 I/O pins 

5 dedicated inputs including 4 clock pins 

In-System Reprogrammable (ISR™) Flash technology 
JTAG interface 

Bus Hold capabilities on all I/Os and dedicated inputs 
No hidden delays 

High speed 

—fuax = 125 MHz 

—tpp = 10 ns 

—ts = 5.5 ns 

—tco = 6.5 ns 

Fully PCI compliant 

Available in 160-pin TQFP, CQFP, and PGA packages 


Logic Block Diagram 


fax id: 6140 


CY7C375i 


UltraLogic™ 128-Macrocell Flash CPLD 


Functional Description 


The CY7C375i is an In-System Reprogrammable Complex 
Programmable Logic Device (CPLD) and is part of the 
FLASH370i™ family of high-density, high-speed CPLDs. Like 
all members of the FLASH370i family, the CY7C375i is de- 
signed to bring the ease of use and high performance of the 
22V 10 to high-density PLDs. 


Like all of the UltraLogic FLASH370i devices, the CY7C375i is 
electrically erasable and In-System Reprogrammable (ISR), 
which simplifies both design and manufacturing flows thereby 
reducing costs. The Cypress ISR function is implemented 
through a JTAG serial interface. Data is shifted in and out 
through the SDI and SDO pins. The ISR interface is enabled 
using the programming voltage pin (ISR_ej). Additionally, be- 
cause of the superior routability of the FLASH370i devices, ISR 
often allows users to change existing logic designs while si- | 
multaneously fixing pinout assignments. 


CLOCK 


INPUTS INPUTS 


16 I/Os 


Selection Guide 


Maximum Propagation Delay, tpp (ns) 


Minimum Set-Up, tgs (ns) 


INPUT/CLOCK 
MACROCELLS 


16 I/Os 
V0442-VO427 


VOgg-/0444 


VOgq-V/O95 


VOg4-VO7g 


7C375i-1 


Shaded areas contain preliminary information. 
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Functional Description (continued) 


The 128 macrocells in the CY7C375i are divided between 
eight logic blocks. Each logic block includes 16 macrocelils, a 
72 X 86 product term array, and an intelligent product term 
allocator. 


The logic blocks in the FLASH370i architecture are connected 
with an extremely fast and predictable routing resource—the 
Programmable Interconnect Matrix (PIM). The PIM brings flex- 
ibility, routability, soeed, and a uniform delay to the intercon- 
nect. 


Like all members of the FLASH370i family, the CY7C375i is rich 
in I/O resources. Every macrocell in the device features an 
associated I/O pin, resulting in 128 I/O pins on the CY7C375i. 
In addition, there is one dedicated input and four input/clock 
pins. 


Finally, the CY7C375i features a very simple timing model. 
Unlike other high-density CPLD architectures, there are no 
hidden speed delays such as fanout effects, interconnect de- 
_ lays, or expander delays. Regardless of the number of resourc- 
es used or the type of application, the timing parameters on 
the CY7C375i remain the same. 


Logic Block 


The number of logic blocks distinguishes the members of the 
FLASH370i family. The CY7C375i includes eight logic blocks. 
Each logic block is constructed of a product term array, a prod- 
uct term allocator, and 16 macrocells. 


Product Term Array 


The product term array in the FLASH370i logic block includes 
36 inputs from the PIM and outputs 86 product terms to the 
product term allocator. The 36 inputs from the PIM are avail- 
able in both positive and negative polarity, making the overall 
array size 72 x 86. This large array in each logic block allows 
for very complex functions to be implemented in single passes 
through the device. 


Product Term Allocator 


The product term allocator is a dynamic, configurable resource 
that shifts product terms to macrocells that require them. Any 
number of product terms between 0 and 16 inclusive can be 
assigned to any of the logic block macrocells (this is called 
product term steering). Furthermore, product terms can be 
shared among multiple macrocells. This means that product 
terms that are common to more than one output can be imple- 
mented in a single product term. Product term steering and 
product term sharing help to increase the effective density of 
the FLASH370i PLDs. Note that product term allocation is han- 
died by software and is invisible to the user. 


V/O Macrocell 


Each of the macrocells on the CY7C375i has a separate |/O 
pin associated with it. The input to the macrocell is the sum of 


-CY7C375i 


between 0 and 16 product terms from the product term alloca- 
tor. The macrocell includes a register that can be optionally 


' bypassed, polarity control over the input sum-term, and four 


global clocks to trigger the register. The macrocell also fea- 
tures a separate feedback path to the PIM so that the register 
can be buried if the I/O pin is used as an input. 


Programmable Interconnect Matrix 


The Programmable Interconnect Matrix (PIM) connects the 
eight logic blocks on the CY7C375i to the inputs and to each 
other. All inputs (including feedbacks) travel through the PIM. 
There is no speed penalty incurred by signals traversing the 
PIM. 


Programming 


For an overview of ISR programming, refer to the FLASH370i 
Family data sheet and for ISR cable and software specifica- 
tions, refer to ISR data sheets. For a detailed description of ISR 
capabilities, refer to the Cypress application note, “An Intro- 
duction to In System Reprogramming with FLASH370i.” 


PCI Compliance 


The FLASH370i family of CMOS CPLDs are fully compliant with 
the PCI Local Bus Specification published by the PC! Special 


Interest Group. The simple and predictable timing model of 


FLASHS70i ensures compliance with the PCI AC specifications 
independent of the design. On the other hand, in CPLD and 
FPGA architectures without simple and predictable timing, PCI 
compliance is dependent upon routing and product term dis- 
tribution. 


Bus Hold Capabilities on all |/Os and Dedicated Inputs 


In addition to ISR capability, a new feature called bus-hold has 
been added to all FLASH370i I/Os and dedicated input pins. 
Bus-hold, which is an improved version of the popular internal 
pull-up resistor, is a weak latch connected to the pin that does 
not degrade the device’s performance. As a latch, bus-hold 
recalls the last state of a pin when it is three-stated, thus re- 
ducing system noise in bus-interface applications. Bus-hold 
additionally allows unused device pins to remain unconnected 
on the board, which is particularly useful during prototyping as 
designers can route new signals to the device without cutting 
trace connections to VCC or GND. 


Design Tools 


Development software for the CY7C375i is available from all 
of Cypress’s Warp™ software packages. Both of these prod- 
ucts are based on the IEEE standard VHDL language. Cy- 
press also supports third-party vendors such as ABEL™, 
CUPL™, and LOG/iC™. Please refer to third-party tool sup- 
port data sheets for further information. 
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Pin Configurations 


i] 


Top View 

TQFP/CQFP 
ot oOonro zNRAAANAA a aa ag Le 
855600059 2 ES SSSSSSSZ SESSSSSSSOZSSSOSSOSZ 
> SSS SSS: Ol SS 555 55 >pMSS ES SSS SOS SS SEEEES 


GND C= 1 Saeed VEG 
/Oi., Co 7 1/0444 
/Oi17 == 3 I 1/044 
VO1g Co 4 ped |/O409 
/Oi9 CJ 5 I 1/0408/SDi 
V/Ooo/SCLK Tg ————] 1/0107 
O21, C7 1 O10 
O22 CJ ———I 1/0405 
0723 1/0404 
GND = ————] GND 
O04 Ea Leer 1/0403 
02, Pp ———]_ V/O102 
O24 TF 1/0404 
(07 CS I 1/0400 
/Oo.5: — [I 1/099 3 | 
Ooo pt 1/Oog 3 
VO39 + ——— pt I/OQ7 
/0O3, <== i] Ogg 
CLKo/lp Ca TT] CLK3/l4 
Veco CO J GND 
GND Cc —— VCC 
ClhKy/, = I ~CLhKo/I3 
/Oz2 ————] 1/095 
/03, == rT] /Og4 
/O34 ——— ———1 1/093 
O53 = I 1/095 
O35 C= pet 1/00; 
VO7 = I 1/090 
/Ozg —— ——!_ i/Ogg 
/0355 —— ——___] 1/Ogg 
GND Co ———J] GND 
on ———J 1/087 
YOq, C= ————) /Ogg 
Oo pl 1/85 
0, == pet 1/094 
O04 Ca peed 1/Og3 
7O4s, C= CT ——— '/Oge 
ong x3 ——! 1/05; 
VO Cm ——t_ /Ogo 
Veo Ca ———] GND 
70375i-2 
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Pin Configurations (continued) 


PGA 
BottomView 


VO444 V/O444 VO447 O429 VO404 ISRen VO5 ow | V/Og VO VO17 VOi9 
VO 
GND | /O oo 
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P | VO196 
me) 
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VO490 | VOr04 
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Maximum Ratings Output Current into Outputs 2.0... eee cess eteeeeeees 16 mA 
(Above which the useful life may be impaired. For user guide- Gee Stes aie nes on eae ate eis 
lines, not tested.) eae 5 P| 
Storage Temperature scccccccsccsecssscsecssssose 65°C to +150°C AICHE OD CUNO MN assatsnntsgcacsivainatactosinnesevacnes ape eaxavants >200 m 
Ambient Temperature with Operating Range 
POWGEr AD DIEGs isl assiinteiuehariatsnsscctecers oh veuentens —55°C to +125°C 
S Ambient 

upply Voltage to Ground Potential ............... —0.5V to +7.0V Range Temperature Vec 
nigh 26a a a [Commercial | °C to+70°C | BV 5% 
in High Z State ...csccccsscssscsssesssoseeceseseeenssseee 0.5Vto+7.0v | Commercial SSA oak pute 
DC Input Voltage ......c.ccscsccsesesssssesesseseeneees ~0.5V to +7.0V Industrial 40°C to +85°C BV 10% 
DC Program Voltage ........ccccccccssesssesecsssecsescsseseaseeeseeeen 12.5V Military!" “55°C to +125°C oV + 10% 


Electrical Characteristics Over the Operating Range! 


Test Conditions 
Von Output HIGH Voltage | Veo = 24 
oes [tie izoneoey 
VoL Output LOW Voltage Voc = 
Vin Input HIGH Voltag Guaranteed Input Logical HIGH voltage for all 
a i 
IL 
loz 


T 


3 
Ni 
ros) 


Input LOW Voltage Guaranteed Input Logical LOW voltage for all 
inputs 


lix Input Load Current V, ='Internal GND, V, = Vcc 
floz_-—s«| Output Leakage Current | GND < Vo < Voc, Output Disabled —50 
—30 


los Output Short Voc = Max., Vout = 0.5V 

loc Voc =Max. loyr=OmA, | Comi/ind. | | 125 | 200 mA 
P= 1MHz,Vin=GND, Vcc [Comit’-66[ | 75 mA 

wiry 


IBHL Input Bus Hold LOW Sus- | Vcc = Min., Vi_ = 0.8V +75 
taining Current 

IBHH Input Bus Hold HIGH Voc = Min., Vip = 2.0V ~75 
Sustaining Current 

IBHLO Input Bus Hold LOW Voc = Max. 
Overdrive Current 

IBHHO Input Bus Hold HIGH Vec = Max. 
Overdrive Current 

Capacitance! 


Input/Output Capacitance Vin = 5.0V at f=1 MHz fos 
Clock Signal Capacitance | Vi, = 5.0V atf= 1 MHz 


—_ 
) 


Notes: 
1. Ty, is the “instant on” case temperature. 5. Not more than one output should be tested at a time. Duration of the short 
2. See the last page of this specification for Group A subgroup testing infor- circuit should not exceed 1 second. Vout = 0.5V has been chosen to avoid 
mation. test problems caused by tester ground degradation. 
3. Ioy=—-2mMA, Io, = 2 mA for SDO. 6. Tested initially and after any design or process changes that may affect 
4. These are absolute values with respect to device ground. All overshoots these parameters. 


Measured with 16-bit counter programmed into each logic block. 
Cio for dedicated inputs, and for I/O pins with JTAG functionality is 12 
pF,and for the ISRen pin is 15 pF Max. 


ma 


due to system or tester noise are included. 
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Inductance! , 
| 160-Lead | 160-Pin | 160-Pin 

Maximum Pin Inductance | Viy=5.0VatS5=1MHz | 9 | 6 | 10 | nH | 
Endurance Characteristics 

Min [Unit 


Test Conditions 
[Ns | Minimum Reprogramming Cycles Normal Programming Conditions 


AC Test Loads and Waveforms 


238Q. (COM'L) 238Q (COM'L) 
319Q (MIL) 319Q (MIL) ALL INPUT PULSES 
5V , BV 3.0V 
OUTPUT OUTPUT 170Q (COM'L) 
ig 170Q (COM'L) «15 pF a . 32360 (MIL) GND 
236Q (MIL 
INCLUDING = Se ne = = <éns 
JIG AND | INCLUDING 
SCOPE (a) JIGAND —_ (b) 7C375i-4 
: SCOPE 
Equivalent to: THEVENIN EQUIVALENT 7C375i-5 
99Q. (COM'L) 


136Q (MIL) 2.08V(COM'L) 


OUTPUT O——ww-—O_-2.13 (MIL) 


Vx 


37128-7 


Vx 


37128-8 


37128-9 


VoL 
37128-10 


(d) Test Waveforms 


Note: 
9. teR Measured with 5-pF AC Test Load and te, measured with 35-pF AC Test Load. 
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Combinatorial Mode Parameters 


tep Input to Combinatorial Output 

tpo Input to Output Through Transparent In- 
put or Output Latch 

tppLe Input to Output Through Transparent In- 
put and Output Latches 

tea Input to Output Enable 

teR Input to Output Disable apts 


Input Registered/Latched Mode Parameters 


Clock or Latch Enable Input LOW Time 


@ 3. 
Clock or Latch Enable Input HIGH 3 
Time!®l 
== 
(2 


a ee ee ee ee ee 


— 
© 


— 
ie) 
= —_ 
oO Ol 


_— 
o>) 
ae ae 
oO; © 


Input Register or Latch Set-Up Time 
Input Register or Latch Hold Time 


tico Input Register Clock or Latch Enable to 
Combinatorial Output 


ticoL Input Register Clock or Latch Enable to 
Output Through Transparent Output 
Latch 


twe 
tWH 
tis 
tH 


14 


tco 

ts 

iy ___| ReaisterorLatoh DataHoldtime [oO [fe |e fo re 

ie Fee URE Bell bad 
Ree k Phe Ae | : 

Tee ey 

Shaded areas contain preliminary information. 

Notes: 


10. All AC parameters are measured with 16 outputs switching and 35-pF AC Test Load. 
11. This specification is intended to guarantee interface compatibility of the other members of the CY7C370i family with the CY7C375i. This specification is met 
for the devices operating at the same ambient temperature and at the same power supply voltage. 


tco2 Output Clock or Latch Enable to Output 
Delay (Through Memory Array) 


Output Clock or Latch Enable to Output 
Clock or Latch Enable (Through Memory 
Array) 


Set-Up Time from Input Through Trans- 
parent Latch to Output Register Clock or 
Latch Enable 


Hold Time for Input Through Transparent 
Latch from Output Register Clock or 
Latch Enable 


Maximum Frequency with Internal Feed- 
back (Least of 1/tgcg, 1/(tg + ty), or 
t/tco) 2! 


Maximum Frequency Data Path in Out- 
put Registered/Latched Mode (Lesser of 


fMaxt 
1/(tw + twu); I/(ts + ty), or 1/tco) 
Maximum Frequency with External 
Feedback (Lesser of 1/(tco + ts) and 


oat tw + tw, 


tscs 


Seen 


=7 CYPRESS CY7C375i 


Switching Characteristics Over the Operating istics goalie) 


ton tn Output Data Stable from Output Clock 
37X Minus input Register Hold Time for 
7037x!6 11 


Pipelined Mode Parameters 


tics Input Register Clock to Output Register | °8 | ~~ 
Clock i. 


fMax4a — Maximum Frequency in Pipelined Mode 742 y cE oe 
| (Least of 1/(tco + tis), tics, Wltwet fo Pe 
tw), (tig + ty), Or 1/tgcs) rae  renears 


Reset/Preset Parameters 


eg [papers Pres wa] 
CE Cd 


Mai Controller Parameter 


cea a ES (Oe 2 ge 


Shaded areas contain preliminary information. 


Switching Waveforms 


Combinatorial Output 


INPUT 
tpp 
COMBINATORIAL 


OUTPUT 
7C375i-10 


Registered Output 


INPUT 


CLOCK 
tco 


REGISTERED 
OUTPUT 


tWH twe 


CLOCK . 
7C0375i-11 
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Switching Waveforms (continued) 


Latched Output 


INPUT 
ty 


= 


I 


LATCH ENABLE 
tpDL 
7C375i-12 


LATCHED 
OUTPUT 


Registered Input 


REGISTERED 
INPUT 
tis 


tH 


INPUTREGISTER 
CLOCK 
tico 


COMBINATORIAL 
OUTPUT 
tWe 


twH 
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OUTPUT 
REGISTERCLOCK 
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Switching Waveforms (continued) 


Latched Input 


LATCHEDINPUT 
tH 
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LATCH ENABLE 
tppL tico 


COMBINATORIAL 
OUTPUT 


tWH 
70375i-15 


LATCH ENABLE 


Latched Input and Output 
ei > Ga 


LATCHED 
OUTPUT 
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INPUT LATCH 
ENABLE 


OUTPUT LATCH 
ENABLE 


LATCH ENABLE 
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Switching Waveforms (continued) 


Asynchronous Reset 


INPUT 
tRo 


REGISTERED 
OUTPUT 
CLOCK 
7C0375i-17 
Asynchronous Preset 
tpw ——————— 
INPUT CD 
tpo 
REGISTERED NOON AN ONG 
OUTPUT XXKXK_] 
tpr 
CLOCK 
7C375i-18 
Output Enable/Disable 
tEA 
SAN 4LiL/ 
LiL/ SS 7C375i-20 
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OUTPUTS 
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Speed Package Operating 
Ordering Code Name Package Type Range 


(MHz) 
~_ 125 [Cy7carsr126ac_ | A160 | 160-Lead Thin Quad Fiatpack [Commercial _ 


CY70S76i-TOOAC 

88 [CY7CS7S-83AC | _AT6O 

ESS Eee 
160-Pin Grid Array 


CY7C375i-83GMB G160 Military 
CY7C375i-83UMB U162 160-Pin Ceramic Quad Flatpack 
u CY7C375i-66AC A160 _| 160-Lead Thin Quad Flatpack 


ay 
160-Lead Thin Quad Flatpack Commercial 


Shaded areas contain preliminary information. 


MILITARY SPECIFICATIONS 


Group A Subgroup Testin 
. eee : Switching Characteristics 


DC Characteristics Subgroups 
Subgroups 


Document #: 38-—00494—C 
Note: 
12. Standard product ships trim and formed in a carrier. This product is also available in a molded carrier ring. Contact local Cypress office for package information. 


ISR, UltraLogic, FLASH370, FLASH370i, and Warp2Sim are trademarks of Cypress Semiconductor Corporation. 
ABEL is a trademark of Data I/O Corporation. 

LOG/iC is a trademark of Isdata Corporation. 

CUPL is a trademark of Logical Devices Incorporated. 
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Features 


Flash erasable CMOS CPLDs 
High density 

— 32-128 macrocells 

— 32-128 I/O pins 

— Multiple clock pins 


High speed 

—tpp = 8.5-12 ns 

—ts = 5-7 ns 

—tco = 6-7 ns 

Fast Programmable Interconnect Matrix (PIM) 

— Uniform predictable delay, independent of routing 


Intelligent product term allocator 

— 0-16 product terms to any macrocell 

— Provides product term steering on an individual ba- 
sis 

ee product term sharing among local macro- 
cells 


— Doesn’t strand macrocelis 


Simple timing model 

— No fanout delays 

— No expander delays 

— No dedicated vs. I/O pin delays 

— No additional delay through PIM 

—No penalty for using full 16 product terms 
—No delay for steering or sharing product terms 


Flexible clocking 
— 2-4 clock pins per device 


— Clock polarity control 


Security bit and user ID supported 
Packages 

— 44-160 pins 

— PLCC, CLCC, PGA, and TQFP packages 
Warp2® 


—Low-cost IEEE 1164-compliant VHDL development 
system 


-—— Available on PC, Sun, and HP platforms 
— Supports all PLDs and CPLDs 


FLASH370 Selection Guide 
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CPLD Family 
FLASH370™ 


UltraLogic™ High-Density Flash CPLDs 


¢ Warp3® CAE development system 
— VHDL input 
— ViewLogic graphical user interface 
— Schematic capture (ViewDraw’) 
— VHDL simulation (ViewSim”) 
— Available on PC, HP, and Sun platforms 


General Description 


The FLASH370™ family of CMOS CPLDs provides a range of 
high-density programmable logic solutions with unparalleled 
performance. Each member of the family is designed with Cy- 
press’s state-of-the-art Flash technology. All of the devices are 
electrically erasable and reprogrammable, simplifying product 
inventory and reducing costs. 


The FLASH370 family is designed to bring the flexibility, ease 
of use and performance of the 22V10 to high-density CPLDs. 
The architecture is based on a number of logic blocks that are 
connected by a Programmable Interconnect Matrix (PIM). 
Each logic block features its own product term array, product 
term allocator array, and 16 macrocells. The PIM distributes 
signals from one logic block to another as well as all inputs 
from pins. 


The family features a wide variety of densities and pin counts 
to choose from. At each density there are two packaging op- 
tions to choose from—one that is I/O intensive and another 
that is register intensive. For example, the CY7C374 and 
CY7C375 both feature 128 macrocells. On the CY7C374, 
available in an 84-pin package, half of the macrocells are bur- 
ied and half are available on I/O pins. On the CY7C375 all of 
the macrocells are fed to I/O pins and the device is available 
in the 160-pin aaa de Figure 1 shows a block diagram of the 
CY7C374/5. 


Functional Description 


Programmable Interconnect Matrix 


The Programmable Interconnect Matrix (PIM) consists of a 
completely global routing matrix for signals from I/O pins and 
feedbacks from the logic blocks. The PIM is an extremely ro- 
bust interconnect that avoids fitting and density limitations. 
Routing is automatically accomplished by software and the 
propagation delay through the PIM is transparent to the user. 
Signals from any pin or any logic block can be routed to any or 
all logic blocks. 


CPLD Family 
FLASH370™ 


LOCK 


C 
INPUTS INPUTS 


VO-VO45 


VO1g-VO3; < 


V/O39-l/O47 


VO4g-V/Oeg < 


INPUT/CLOCK 
MACROCELLS 


16 I/Os 


VO412-VOr07 


16 I/Os 
I/Ogo—V/Ogs 


Figure 1. CY7C375 Block Diagram 


Functional Description (continued) 


The inputs to the PIM consist of all I/O and dedicated input pins 
and all macrocell feedbacks from within the logic biocks. The 
number of PIM inputs increases with pincount and the number 
of logic blocks. The outputs from the PIM are signals routed to 
the appropriate logic block(s). Each logic block receives 36 
inputs from the PIM and their complements, allowing for 32-bit 
operations to be implemented in a single pass through the 
device. The wide number of inputs to the logic block also im- 
proves the routing capacity of the FLASH370 family. . 


An important feature of the PIM involves timing. The propaga- 
tion delay through the PIM is accounted for in the timing spec- 
ifications for each device. There is no additional delay for trav- 
eling through the PIM. In fact, all inputs travel through the PIM. 
Likewise, there are no route-dependent timing parameters on 
the FLASH370 devices. The worst-case PIM delays are incor- 
porated in all appropriate FLASH370 specifications. 


Routing signals through the PIM is completely invisible to the 
user. All routing is accomplished by software—no hand routing 
is necessary. Warp and third-party development packages au- 
tomatically route designs for the FLASH370 family in a matter 
of minutes. Finally, the rich routing resources of the FLASH370 
family accommodate last minute logic changes while maintain- 
ing fixed pin assignments. 


Logic Block 


The logic block is the basic building block of the FLASH370 
architecture. It consists of a product term array, an intelligent 
product-term allocator, 16 macrocells, and a number of I/O 
cells. The number of I/O cells varies depending on the device 
used. 


There are two types of logic blocks in the FLASH370 family. The 
first type features an equal number (16) of I/O cells and mac- 
rocells and is shown in Figure 2. This architecture is best for 
I/O-intensive applications. The second type of logic block fea- 
tures a buried macrocell along with each I/O macrocell. In oth- 
er words, in each logic block, there are eight macrocells that 
are connected to I/O cells and eight macrocells that are inter- 
nally fed back to the PIM only. This organization is designed 
for register-intensive applications and is displayed in Figure 3. 
Note that at each FLASH370 density (except the smallest), an 
I/O intensive and a register-intensive device is available. 


Product Term Array 


Each logic block features a 72 x 86 programmable product 
term array. This array is fed with 36 inputs from the PIM, which 
originate from macrocell feedbacks and device pins. Active 
LOW and active HIGH versions of each of these inputs are 
generated to create the full 72-input field. The 86 product 
terms in the array can be created from any of the 72 inputs. 
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PRODUCT TERM 
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Figure 2. Logic Block for CY7C371, CY7C373, and CY7C375 (I/O Intensive) 
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Of the 86 product terms, 80 are for general-purpose use for the 
16 macrocells in the logic block. Four of the remaining six prod- 
uct terms in the logic block are output enable (OE) product 
terms. Each of the OE product terms controls up to eight of the 
16 macrocells and is selectable on an individual macrocell ba- 
sis. In other words, each |/O cell can select between one of two 
OE product terms to control the output buffer. The first two of 
these four OE product terms are available to the upper half of 
the I/O macrocells in a logic block. The other two OE product 
terms are available to the lower half of the I/O macrocells in a 
logic block. The final two product terms in each logic block are 
dedicated asynchronous set and asynchronous reset product 
terms. 


4 


Product Term Allocator 


Through the product term allocator, software automatically dis- 
tributes product terms among the 16 macrocells in the logic 
block as needed. A total of 80 product terms are available from 
the local product term array. The product term allocator pro- 
vides two important capabilities without affecting performance: 
product term steering and product term sharing. 


Product Term Steering 


Product term steering is the process of assigning product 
terms to macrocells as needed. For example, if one macrocell 
requires ten product terms while another needs just three, the 
product term allocator will “steer” ten product terms to one 
macrocell and three to the other. On FLASH370 devices, prod- 
uct terms are steered on an individual basis. Any number be- 
tween 0 and 16 product terms can be steered to any macrocell. 
Note that 0 product terms is useful in cases where a parieulel 
macrocell is unused or used as an input register. 


Product Term Sharing 


Product term sharing is the process of using the same product 
term among multiple macrocells. For example, if more than 
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one output has one or more product terms in its equation that 
are common to other outputs, those product terms are only 
programmed once. The FLASH370 product term allocator al- 
lows sharing across groups of four output macrocells in a vari- 
able fashion. The software automatically takes advantage of 
this capability—the user does not have to intervene. Note that 
greater usable density can often be achieved if the user “floats” 
the pin assignment. This allows the compiler to group macro- 
cells that have common product terms adjacently. 


Note that neither product term sharing nor product term steer- 
ing have any effect on the speed of the product. All worst-case 
steering and sharing configurations have been incorporated in 
the timing specifications for the FLASH370 devices. 


FLASH370 Macrocell 


V/O Macrocell 


Within each logic block there are 8 or 16 I/O macrocells de- 
pending on the device used. Figure 4 illustrates the architec- 
ture of the I/O macrocell. The macrocell features a register that 
can be configured as combinatorial, a D flip-flop, a T flip-flop, 
or a level-triggered latch. 


The register can be asynchronously set or asynchronously re- 
set at the logic block level with the separate set and reset prod- 
uct terms. Each of these product terms features programma- 
ble polarity. This allows the registers to be set or reset based 
on an AND expression or an OR expression. 


Clocking of the register is very flexible. Depending on the de- 
vice, either two or four global synchronous clocks are available 
to clock the register. Furthermore, each clock features pro- 
grammable polarity so that registers can be triggered on falling 
as well as rising edges (see the Dedicated/Clock Inputs sec- 
tion). Clock polarity is chosen at the logic block level. 


VO CELL 


flash370—-4 
2 BANK OE TERMS 


Figure 4. I/O Macrocell 


Note: 
1. C1is not used on the CY7C371 and CY7C372. 
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At the output of the macrocell, a polarity control mux is avail- 
able to select active LOW or active HIGH signals. This has the 
added advantage of allowing significant logic reduction to oc- 
cur in many applications. 


The FLASH370 macrocell features a feedback path to the PIM 
separate from the 1/O pin input path. This means that if the 
macrocell is buried (fed back internally only), the associated 
1/O pin can still be used as an input. 


Buried Macrocell 


Some of the devices in the FLASH370 family feature additional 
macrocells that do not feed individual I/O pins. Figure 5 dis- 
plays the architecture of the I/O and buried macrocells for 
these devices. The I/O macrocell is identical to the one on 
devices without buried macrocells. 


The buried macrocell is very similar to the I/O macrocell. 
Again, it includes a register that can be configured as combi- 
natorial, a D flip-flop, a T flip-flop, or a latch. The clock for this 
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register has the same options as described for the I/O macro- 
cell. The primary difference between the I/O macrocell and the 
buried macrocell is that the buried macrocell does not have the 
ability to output data directly to an I/O pin. 


One additional difference on the buried macrocell is the addi- 
tion of input register capability. The buried macrocell can be 
configured to act as an input register (D-type or latch) whose 
input comes from the I/O pin associated with the neighboring 
macrocell. The output of all buried macrocells is sent directly 
to the PIM regardless of its configuration. 


FLASH370 I/O Cell 


The I/O cell on the FLASH370 devices is illustrated along with 
the I/O macrocell in Figures 4 and 5. The user can program 
the I/O cell to change the way the three-state output buffer is 
enabled and/or disabled. Each output can be set permanently 
on (output only), permanently off (input only), or dynamically 
controlled by one of two OE product terms. 
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Figure 5. I/O and Buried Macrocells 
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Dedicated/Clock Inputs 


Six pins on each member of the FLASH370 family are designat- 
ed as input-only. There are two types of dedicated inputs on 
FLASH370 devices: input pins and input/clock pins. Figure 6 
illustrates the architecture for input pins. Four input options are 
available for the user: combinatorial, registered, double-regis- 
tered, or latched. If a registered or latched option is selected, 
any one of the input clocks can be selected for control. 


Figure 7 illustrates the architecture of input/clock pins. There 
are either two or four input/clock pins available, depending on 
the device selected. (The CY7C371 and CY7C372 have two 


\ 


larity of the clock signal can also be controlled by the user. 
Note that this polarity is separately controlled for input regis- 
ters and output registers. 


Timing Model 

One of the most important features of the FLASH370 family is 
the simplicity of its timing. All delays are worst case and sys- 
tem performance is unaffected by the features used or not 
used on the parts. Figure 8 illustrates the true timing model for 
the 8.5-ns devices. For combinatorial paths, any input to any 
output incurs an 8.5-ns worst-case delay regardless of the 
amount of logic used. For synchronous systems, the input 


input/clock pins while the other devices have four input/clock 
pins.) Like the input pins, input/clock pins can be combinatori- 
al, registered, double registered, or latched. In addition, these 


set-up time to the output macrocells for any input is 5.0 ns and 
the clock to output time is also 6.0 ns. Again, these measure- 
ments are for any output and clock, regardless of the logic 


pins feed the clocking structures throughout the device. The used. 


clock path at the input is user-configurable in polarity. The po- 
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Figure 6. input Pins 


TO CLOCK MUX ON 
ALL INPUT MACROCELLS 


Pet 


INPUT/CLOCK PIN 
- — 7 
re 


et 
i, Pte 
1 TO CLOCK MUX | 


IN EACH 
LOGIC BLOCK 
C13, C14, C15I4], OR C16/41 


0 ’ 1 
ee ear 0 ieee aes 
AE ser ee 2 ie CLOCK POLARITY MUX 
3 ONE PER LOGIC BLOCK 
FOR EACH CLOCK INPUT 


flash370-7 


FROM CLOCK 
POLARITY INPUT 
CLOCK PINS 


Figure 7. Input/Clock Pins 


Notes: 
2. C9 is not used on the CY7C371 and CY7C372. 
3. C8 and C9 are not included on the CY7C371 and CY7C372 since each 
input/clock pin has the other input/clock pin as its clock. 


4. C15 and Ci6 are not used on the CY7C371 and CY7C372 since there are 
two clocks. 
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ts= 5.0ns 


CLOCK tco= 6.0ns 


Figure 8. Timing Model for CY7C371 


Stated another way, the FLASH370 features: 
¢ no fanout delays 

no expander delays 

no dedicated vs. I/O pin delays 

no additional delay through PIM 

no penalty for using 0-16 product terms 

no added delay for steering product terms 

no added delay for sharing product terms 

no routing delays 

no output bypass delays 


The simple timing model of the FLASH370 family eliminates 
unexpected performance penalties. 


Development Software Support 


Warp2 


Warp2 is a state-of-the-art VHDL compilers for designing with 
Cypress PLDs and CPLDs. Warp2 utilizes a proper subset of 
IEEE 1164 VHDL as the Hardware Description Language 
(HDL) for design entry. VHDL provides a number of significant 
benefits for the design entry. Warp2 accepts VHDL input, syn- 
thesizes and optimizes the entered design, and outputs a JE- 
DEC map for the desired device. For simulation, Warp2 pro- 
vides the graphical waveform simulator called Nova. 


CPLD Family 
FLASH370™ 


VHDL (VHSIC Hardware Description Language) is an open, 
powerful, non-proprietary language that is a standard for be- 
havioral design entry and simulation. It is already mandated 
for use by the Department of Defense and supported by every 
major vendor of CAE tools. VHDL allows designers to learn a 
single language that is useful for all facets of the design pro- 
cess. See separate data sheet for further information. 


Warp3 


Warp3 is a sophisticated design tool that is based on the latest 
version of ViewLogic’s CAE design environment. Warp3 fea- 
tures schematic capture (ViewDraw™), VHDL waveform sim- 
ulation (ViewSim™), a VHDL debugger, and VHDL synthesis, 
all integrated in a graphical design environment. Warp3 is 
available on PCs using Windows 3.1 or subsequent versions, 
and on HP and Sun workstations. See separate data sheet for 
further information. 


Third-Party Software 


Cypress maintains a very strong commitment to third-party de- 
sign software vendors. All major third-party software vendors 
(including ABEL™, LOG/iC™, CUPL™, and Minc) will provide 
support for the FLASH370 family of devices. To expedite this 
support, Cypress supplies vendors with all pertinent architec- 
tural information as well as design fitters for our products. 


Programming 


The Impulse3™ device programmer from Cypress programs 


~ all Cypress PLDs, CPLDs, and PROMS. This unit is a program- 


mer that connects to any IBM-compatible PC via the printer 
port. 


Third-Party Programmers 


As with development software, Cypress strongly supports 
third-party programmers. All major third-party programmers 
(including Data I/O, Logical Devices, Minato, SMS, and Stag) 
will support the FLASH370 family. 


Document #: 38-00215-E 


Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 
FLASH370, UltraLogic, and Impulse3 are trademarks of Cypress Semiconductor Corporation. 


ViewSim and ViewDraw are trademarks of ViewLogic. 
ABEL is a trademark of Data 1/O Corporation. 
LOG/IC is a trademark of Isdata Corporation. 
CUPL is a trademark of Logical Devices, Inc. 
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Features 


¢ 32 macrocells in two logic blocks 
¢ 32 1/0 pins 
¢ 6 dedicated inputs including 2 clock pins 
¢ No hidden delays 
« High speed 

— fax = 143 MHz 

—tpp= 8.5 ns 

—ts =5ns 

—tco =6ns 
¢ Electrically alterable FLASH technology 
- Available in 44-pin PLCC, CLCC, and TQFP packages 
- Pin compatible with the CY7C372 


Functional Description 


The CY7C371 is a Flash erasable Complex Programmable 
Logic Device (CPLD) and is part of the FLASH370 family of 
high-density, high-speed CPLDs. Like all members of the 
FLASH370 family, the CY7C371 is designed to bring the ease 


Logic Block Diagram 
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For new designs, see CY7C371I. 


CY7C371 


UltraLogic™ 32-Macrocell Flash CPLD 


of use and high performance of the 22V10 to high-density 
CPLDs. 


The 32 macrocells in the CY7C371 are divided between two 
logic blocks. Each logic block includes 16 macrocells, a 72 x 
86 product term array, and an intelligent product term allocator. 


The logic blocks in the FLASH370 architecture are connected 
with an extremely fast and predictable routing resource—the 
Programmable Interconnect Matrix (PIM). The PIM brings 
flexibility, routability, speed, and a uniform delay to the inter- 
connect. 


Like all members of the FLASH370 family, the CY7C371 is rich 
in 1/0 resources. Each macrocell in the device features an 
associated I/O pin, resulting in 32 I/O pins on the CY7C371. 
In addition, there are four dedicated inputs and two input/clock 
pins. 


Finally, the CY7C371 features a very simple timing model. Un- 
like other high-density CPLD architectures, there are no hid- 
den speed delays such as fanout effects, interconnect delays, 
or expander delays. Regardless of the number of resources 
used or the type of application, the timing parameters on the 
CY7C371 remain the same. | 
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/0o-V/O45 


Selection Guide 


INPUT/CLOCK 
MACROCELLS 


16 I/Os 
CS /046-/03; 


70371-1110 | 7C371-83 | 7C371L-83 | 7C371-66 | 7C371L-66 
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Shaded area contains preliminary information. 
Ultralogic and FLASH370 are trademarks of Cypress Semiconductor Corporation. 
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Features 


¢ 64 macrocells in four logic blocks 

¢ 32 I/O pins 

¢ 6 dedicated inputs including 2 clock pins 
No hidden delays 

High speed 

— fax = 125 MHz 

—tpp =10ns 

—ts = 5.5 ns 

—tceo = 6.5 ns 

¢ Electrically alterable Flash technology 
Available in 44-pin PLCC and CLCC packages 
¢ Pin compatible with the CY7C371 


Functional Description 


The CY7C372 is a Flash erasable Complex Programmable 
Logic Device (CPLD) and is part of the FLASH370'™ family of 
high-density, high-speed CPLDs. Like all members of the 
FLASH370 family, the CY7C372 is designed to bring the ease 


Logic Block Diagram 


fax id: 6127 


CY7C372 


UltraLogic™ 64-Macrocell Flash CPLD 


of use and high performance of the 22V10 to high-density 
CPLDs. 


The 64 macrocells in the CY7C372 are divided between four 
logic blocks. Each logic block includes 16 macrocells, a 72 x 
86 product term array, and an intelligent product term allocator. 


The logic blocks in the FLASH370 architecture are connected 
with an extremely fast and predictable routing resource—the 
Programmable Interconnect Matrix (PIM). The PIM brings flex- 
ibility, routability, speed, and a uniform delay to the intercon- 
nect. 


Like all members of the FLASH370 family, the CY7C372 is rich 
in I/O resources. Every two macrocells in the device feature an 
associated I/O pin, resulting in 32 I/O pins on the CY7C372. In 
addition, there are four dedicated inputs and two input/clock 
pins. 


Finally, the CY7C372 features a very simple timing model. Un- 
like other high-density CPLD architectures, there are no hid- 
den speed delays such as fanout effects, interconnect delays, 
or expander delays. Regardless of the number of resources 
used or the type of application, the timing parameters on the 
CY7C372 remain the same. 
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Selection Guide 
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Maximum Propagation Delay, tpp (ns) 
Minimum Set-up, ts (ns) 
Maximum Clock to Output, tego (ns) 


Maximum Supply 


Current, Ic¢c (mA) 
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UltraLogic and FLASH370 are trademarks of Cypress Semiconductor Corporation. 
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Features Functional Description 
* 64 macrocells in four logic blocks | The CY7C373 is a Flash erasable Complex Programmable 
- 641/0 pins Logic Device (CPLD) and is part of the FLASH370™ family of 


high-density, high-speed CPLDs. Like all members of the 


a2 erates puis ne uelng s.cloes Pins FLASH370 family, the CY7C373 is designed to bring the ease 


: a nidden deraye : of use and high performance of the 22V10 to high-density 
* High speed . | CPLDs. 

—fmax = 125 MHz | . The 64 macrocells in the CY7C373 are divided between four 

—topn =10ns : logic blocks. Each logic block includes 16 macrocells, a 72 x 

PD 

—tg=5.5 ns 86 product term array, and an intelligent product term allocator. 

—ta, = 6.5ns The logic blocks in the FLASH370 architecture are connected 
| co™™ with an extremely fast and predictable routing resource—the 
- Electrically alterable Flash technology Programmable Interconnect Matrix (PIM). The PIM brings flex- 
¢ Available in 84-pin PLCC and 100-pin TQFP packages ibility, routability, soeed, and a uniform delay to the intercon- 
« Pin compatible with the CY7C374 nect. 
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Logic Block Diagram 
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Selection Guide 
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Shaded area contains preliminary information. 
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Ultralogic and FLASH370 are trademarks of Cypress Semiconductor Corporation. 
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Features 


¢ 128 macrocells in eight logic blocks 

¢ 64 1/0 pins 

6 dedicated inputs including 4 clock pins 
No hidden delays 

High speed 

—fmax = 100 MHz 

—tpp =12ns 

—ts =6ns 


—tco = 7 ns 
Electrically Alterable Flash technology 


Available in 84-pin PLCC, 84-pin CLCC, 100-pin TQFP, 
and 84-pin PGA packages 


Pin compatible with the CY7C373 


Logic Block Diagram 
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Selection Guide 


Maximum Propagation Delay tpp (ns) 
Minimum Set-Up, ts (ns) 


Maximum Clock to Output, tego (ncs) 


Maximum Supply 


Current, loc (mA) Military/Industrial 


CY7C374 


UltraLogic™ 128-Macrocell Flash CPLD 


Functional Description 


The CY7C374 is a Flash erasable Complex Programmable 
Logic Device (CPLD) and is part of the FLASH370™ family of 
high-density, high-speed CPLDs. Like all members of the 
FLASH370 family, the CY7C374 is designed to bring the ease 
of use and high performance of the 22V10 to high-density 
CPLDs. 


The 128 macrocells in the CY7C374 are divided between eight 
logic blocks. Each logic block includes 16 macrocells, a 72 x 
86 product term array, and an intelligent product term allocator. 


The logic blocks in the FLASH370 architecture are connected 
with an extremely fast and predictable routing resource—the 
Programmable Interconnect Matrix (PIM). The PIM brings flex- 
ibility, routability, soeed, and a uniform delay to the intercon- 
nect. 

The CY7C374 is a register intesive 128-Macrocell CPLD. Ev- 
ery two macrocells in the device feature an associated I/O pin, 


resulting in 64 I/O pins on the CY7C374. In addition, there are 
two dedicated inputs and four input/clock pins. 


INPUT/CLOCK 
MACROCELLS 


VOxg-V/Ogg 
VO4g-VOss 


VO4-VO47 


7374-1 
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Features 


¢ 28 macrocells in eight logic blocks 
¢ 28 1/0 pins : 
¢ 6 dedicated inputs including 4 clock pins 
¢ No hidden delays 
¢ High speed 
— fax = 100 MHz 
—tpp =12ns 
—ts =6ns 
—tco =7ns 
¢ Electrically alterable FLASH technology 
¢ Available in 160-pin TQFP, CQFP, and PGA packages 


Logic Block Diagram 


LOGIC 
BLOCK 
A 


VOo-VO15 36 


VO4g-VOgg 36 


Selection Guide 


Maximum Propagation Delay, tpp (ns) 
|Minimum Set-Up, tg (ns) 
Maximum Clock to Output, tco (ns) 


Maximum Supply 
Current, loc (MA) 


Commercial 


Military/Industrial 


CY7C375 


UltraLogic™ 128-Macrocell Flash CPLD 


Functional Description 


The CY7C375 is a Flash erasable Complex Programmable 
Logic Device (CPLD) and is part of the FLASH370™ family of 
high-density, high-speed CPLDs. Like all members of the 
FLASH370 family, the CY7C375 is designed to bring the ease 
of use and high performance of the 22V10 to high-density 
PLDs. 


The 128 macrocells in the CY7C 375 are divided between eight 
logic blocks. Each logic block includes 16 macrocells, a 72 x 
86 product term array, and an intelligent product term allocator. 


The logic blocks in the FLASH370 architecture are connected 
with an extremely fast and predictable routing resource—the 
Programmable Interconnect Matrix (PIM). The PIM brings flex- 
ibility, routability, soeed, and a uniform delay to the intercon- 
nect. 


CLOCK 
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Ultralogic and FLASH370 are trademarks of Cypress Semiconductor Corporation. 
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SS 2 CY7C340 EPLD Family 
Multiple Array Matrix High-Density EPLDs 


Features 


¢ Erasable, user-configurable CMOS EPLDs capable of 
implementing high-density custom logic functions 


0.8-micron double-metal CMOS EPROM technology 
(CY7C34X) 


Advanced 0.65-micron CMOS technology to increase 
performance (CY7C34XB) 


Multiple Array MatriX architecture optimized for speed, 
density, and straightforward design implementation 


— Programmable Interconnect Array (PIA) simplifies 
routing 


— Flexible macrocells increase utilization 


— Programmable clock control 


— Expander product terms implement complex logic 
functions 


Warp2® 

— Low-cost VHDL compiler for CPLDs and PLDs 
—lIEEE 1164-compliant VHDL 

— Available on PC and Sun platforms 

Warp3® 

— VHDL synthesis 

— ViewLogic graphical user interface 

— Schematic capture (ViewDraw™) 

— VHDL simulation (ViewSim™) 

— Available on PC and Sun platforms 


General Description 
The Cypress Multiple Array Matrix (MAX®) family of EPLDs 


provides a user-configurable, high-density solution to gener- 
al-purpose logic integration requirements. With the combina- 


Max Family Members 


6 
Packages 28H,J,W,P 


28 52 64 
44H,J 68H,J,R 84H,J 100R,N 


fax id: 6100 


tion of innovative architecture and state-of-the-art process, the 
MAX EPLDs offer LSI density without sacrificing speed. 


The MAX architecture makes it ideal for replacing large 
amounts of TTL SSI and MSI logic. For example, a 74161 
counter utilizes only 3% of the 128 macrocells available in the 
CY7C342B. Similarly, a 74151 8-to-1 multiplexer consumes 
less than 1% of the over 1,000 product terms in the 
CY7C342B. This allows the designer to replace 50 or more 
TTL packages with just one MAX EPLD. The family comes in 
a range of densities, shown below. By standardizing on a few 
MAX building blocks, the designer can replace hundreds of 
different 7400 series part numbers currently used in most dig- 
ital systems. 


The family is based on an architecture of flexible macrocells 
grouped together into Logic Array Blocks (LABs). Within the 
LAB is a group of additional product terms called expander 
product terms. These expanders are used and shared by the 
macrocells, allowing complex functions of up to 35 product 
terms to be easily implemented in a single macrocell. A Pro- 
grammable Interconnect Array (PIA) globally routes all signals 
within devices containing more than one LAB. This architec- 
ture is fabricated on the Cypress 0.8-micron, double-lay- 
er-metal CMOS EPROM process, yielding devices with signif- 
icantly higher integration, density and system clock speed than 
the largest of previous generation EPLDs. The CY7C34XB de- 
vices are 0.65-micron shrinks of the original 0.8-micron family. 
The CY7C34XBs offer faster speed bins for each device in the 
Cypress MAX family. 


The density and performance of the CY7C340 family is ac- 
cessed using Cypress’s Warp2 and Warp3 design software. 
Warp2 provides state-of-the-art VHDL synthesis for MAX 
and FLASH370™ at a very low cost. Warp3 is a sophisticated 
CAE tool that includes schematic capture (ViewDraw) and 
timing simulation (ViewSim) in addition to VHDL synthesis. 
Consult the Warp2 and Warp3 datasheets for more informa- 
tion about the development tools. 


84H,J,R 


Key: P—Plastic DIP; H—Windowed Ceramic Leaded Chip Carrier; J—Plastic J-Lead Chip Carrier; R—Windowed Pin Grid Array; 


W—Windowed Ceramic DIP; N—Plastic Quad Flat Pack 


Notes: 
1. When all expander product terms are used to implement latches. 
2. With one output. 


PAL is a registered trademark of Advanced Micro Devices. 


Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation 


MAX is a registered trademark of the Altera Corporation. 


FLASH370 is a trademark of Cypress Semiconductor Corporation. 


ViewDraw and ViewSim are trademarks of ViewLogic Corp. 
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ARRAY (PIA) 


Figure 1. Key MAX Features 
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The Logic Array Block 


The logic array block, shown in Figure 2, is the heart of the 
MAX architecture. It consists of a macrocell array, expander 
product term array, and an I/O block. The number of mac- 
rocells, expanders, and I/O vary, depending upon the de- 
vice used. Global feedback of all signals is provided within 
a LAB, giving each functional block complete access to the 
LAB resources. The LAB itself is fed by the programmable 
interconnect array and dedicated input bus. The feedbacks 
of the macrocells and 1|/O pins feed the PIA, providing ac- 
cess to them through other LABs in the device. The mem- 
bers of the CY7C340 family of EPLDs that have a single 
LAB use a global bus, so a PIA is not needed (see Figure 3). 


The MAX Macrocell 


Traditionally, PLDs have been divided into either PLA (pro- 
grammable AND, programmable OR), or PAL® (programma- 
ble AND, fixed OR) architectures. PLDs of the latter type 
provide faster input-to-output delays, but can be inefficient 
due to fixed allocation of product terms. Statistical analysis 
of PLD logic designs has shown that 70% of all logic func- 
tions (per macrocell) require three product terms or less. 


The macrocell structure of MAX has been optimized to handle 
variable product term requirements. As shown in Figure 4, 
each macrocell consists of a product term array and a con- 
figurable register. In the macrocell, combinatorial logic is 
implemented with three product terms ORed together, 
which then feeds an XOR gate. The second input to the 
XOR gate is also controlled by a product term, providing 
the ability to control active HIGH or active LOW logic and 
to implement T- and JK-type flip-flops. 


MACROCELL 
ARRAY 


EXPANDER 
PRODUCT 


PROGRAMMABLE 
INTERCONNECT 
ARRAY 


Figure 2. Typical LAB Block Diagram 


CY7C340 EPLD Family 


If more product terms are required to implement a given func- 
tion, they may be added to the macrocell from the expander 
product term array. These additional product terms may be 
added to any macrocell, allowing the designer to build gate-in- 
tensive logic, such as address decoders, adders, comparators, 
and complex state machines, without using extra macrocelis. 


The register within the macrocell may be programmed for ei- 
ther D, T, JK, or RS operation. It may alternately be configured 
as a flow-through latch for minimum input-to-output delays, or 
bypassed entirely for purely combinatorial logic. In addition, 
each register supports both asynchronous preset and clear, 
allowing asynchronous loading of counters of shift registers, 
as found in many standard TTL functions. These registers may 
be clocked with a synchronous system clock, or clocked inde- 
pendently from the logic array. 


Expander Product Terms | 


The expander product terms, as shown in Figure 5, are fed by 
the dedicated input bus, the programmable interconnect ar- 
ray, the macrocell feedback, the expanders themselves, 
and the I/O pin feedbacks. The outputs of the expanders 
then go to each and every product term in the macrocell 
array. This allows expanders to be “shared” by the product 
terms in the logic array block. One expander may feed all 
macrocells in the LAB, or even multiple product terms in the 
same macrocell. Since these expanders feed the second- 
ary product terms (preset, clear, clock, and output enable) 
of each macrocell, complex logic functions may be imple- 
mented without utilizing another macrocell. Likewise, ex- 
panders may feed and be shared by other expanders, to 
implement complex multilevel logic and input latches. 


mmm er eee 


MACROCELL 
ARRAY 


EXPANDER 


Figure 3. 70344 LAB Block Diagram 
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Figure 4. Macrocell Block Diagram 
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1/0 Block 


Separate from the macrocell array is the I/O control block of 
the LAB. Figure 6 shows the I/O block diagram. The 
three-state buffer is controlled by a macrocell product term 
and the drives the I/O pad. The input of this buffer comes 
from a macrocell within the associated LAB. The feedback 
path from the I/O pin may feed other blocks within the LAB, as 
well as the PIA. By decoupling the I/O pins from the flip-flops, 
all the registers in the LAB are “buried,” allowing the I/O pins 
to be used as dedicated outputs, bidirectional outputs, or as 
additional dedicated inputs. Therefore, applications requiring 
many buried flip-flops, such as counters, shift registers, and 
state machines, no longer consume both the macrocell regis- 
ter and the associated I/O pin, as in earlier devices. 


The Programmable Interconnect Array 


PLD density and speed has traditionally been limited by signal 
routing; i.e., getting signals from one macrocell to another. For 
smaller devices, a single array is used and all signals are avail- 
able to all macrocells. But as the devices increase in density, 
the number of signals being routed becomes very large, in- 
creasing the amount of silicon used for interconnections. Also, 
because the signal must be global, the added loading on the 
internal connection path reduces 


the overall speed performance of the device. The MAX archi- 
tecture solves these problems. It is based on the concept of 
small, flexible logic array blocks that, in the larger devices, are 
interconnected by a PIA. 


The PIA solves interconnect limitations by routing only the sig- 
nals needed by each LAB. The architecture is designed so that 
every signal on the chip is within the PIA. The PIA is then 
programmed to give each LAB access to the signals that it 
requires. Consequently, each LAB receives only the signals 
needed. This effectively solves any routing problems that may 
arise in a design without degrading the performance of the 
device. Unlike masked or programmable gate arrays, which 
induce variable delays dependent on routing, the PIA has a 
fixed delay from point to point. This eliminates undesired 
skews among logic signals, which may cause glitches in inter- 
nal or external logic. 


Development Software Support 


Warp2 


Warp2 is a state-of-the-art VHDL compiler for designing with 
Cypress PLDs and CPLDs. Warp2 utilizes a proper subset of 
IEEE 1164 VHDL as its Hardware Description Language 
(HDL) for design entry. VHDL provides a number of significant 
benefits for the design entry process. Warp2 accepts VHDL 
input, synthesizes and optimizes the entered design, and out- 
puts a JEDEC map for the desired device. For functional sim- 
ulation, Warp2 provides a graphical waveform simulator 
(NOVA). 


VHDL (VHSIC Hardware Description Language) is an open, 
powerful, non-proprietary language that is a standard for be- 
havioral design entry and simulation. It is already mandated 
for use by the Department of Defense, and supported by every 
major vendor of CAE tools. VHDL allows designers to learn a 
single language that is useful for all facets of the design pro- 
cess. 


CY7C340 EPLD Family 


Warp3 


Warp3 is a sophisticated design tool that is based on the latest 
version of ViewLogic’s CAE design environment. Warp3 fea- 
tures schematic capture (ViewDraw), VHDL waveform simula- 
tion (ViewSim), a VHDL debugger, and VHDL synthesis, all 
integrated in a graphical design environment. Warp3 is avail- 
able on PCs using Windows 3.1 or subsequent versions, and 
on Sun and HP workstations. 


For further information on Warp software, see the Warp2 and 
Warp3 datasheets contained in this data book. 
Third-Party Software 


Cypress maintains a very strong commitment to third-party de- 
sign software vendors. All major third-party software vendors 
provide support for the MAX family of devices. To expedite this 
support, Cypress supplies vendors with all pertinent architec- 
tural information as well as design fitters for our products. 


Programming 


The /mpulse3™ device programmers from Cypress will pro- 
gram all Cypress PLDs, CPLDs, and PROMS. The unit is a 
standalone programmer that connects to any IBM-compat- 
ible PC via the printer port. 

Third-Party Programmers 


As with development software, Cypress strongly supports 
third-party programmers. All major third-party programmers 
support the MAX family. 


Cross Reference 


ALTERA 
PREFIX EPM 
PREFIX: EP 
22V10-10C 
22V10-10C 
22V10-10C 
22V10-10C 
22V10-15C 
22V10-15C 
5032DC 
5032DC-—2 
5032DC-—15 
5032DC—17 
5032DC-20 
5032DC-—25 
5032DM 
5032DM-—25 
5032JC 
5032JC—2 
5032JC—15 
5032JC—17 
5032JC-20 
5032JC-—25 


CYPRESS 
PREFIX: CY 
PREFIX: PALC 
PALC22V10D-7C 
PALC22V10D-10C 
PAL22V10C—7C+ 
PAL22V10C—10C+ 
PALC22V10B—15C 
PALC22V10D-15C 
70344—25WC 
7C344—-20WC 
7C0344—15WC 

Call Factory 
7C0344-—20WC 
7C344—25WC 
7C344—25WMB 
7C344—25WMB 
7C344—25HC 
70344—20HC 
70344—-15HC 

Call Factory 
70344—-20HC 
7C344—25HC 
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Cross Reference (continued) 
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Cross Reference (continued) 


ALTERA 
5032JM 
5032JM-25 
5032LC 
5032LC-2 
5032LC-15 
5032LC-17 
5032LC-20 
5032LC-25 
5032PC 
5032PC-2 
5032PC-15 
5032PC-17 
5032PC-20 
5032PC-25 
5064JC 
5064JC-1 
5064JC-2 
5064J1 
5064JM 
5064LC 
5064LC-1 
5064LC-2 
5128AGC-12 
5128AGC-15 
5128AGC-20 
5128AJC-12 
5128AJC-15 
5128ANC-20 
5128ALC-12 
5128ALC-15 
5128ALC-20 
5128GC 
5128GC-1 
5128GC-2 
5128GM 
5128JC 
5128JC-1 
5128JC-2 
51284! 
5128JI-2 
5128JM 
5128LC 
5128LC-1 
5128LC-2 


CYPRESS 
70344—25HMB 
70344—25HMB 
70344—25JC 
70344—20JC 
70344—-15JC 
Call Factory 
70344-—20JC 
70344—25JC 
70344—25PC 


~70344—20PC 


70344—15PC 
Call Factory 

70344—20PC 
70344—25PC 
70343-—35HC 


-7C343-25HC 


70343-30HC 
7C0343—35HI 
70343-35HMB 
70343-35JC 
70343-—25J3C 
70343-30JC 
70342B—12RC 
70342B-15RC 
70342B-20RC 
70342B-—12HC 
7C342B-15HC 
70342B-20HC 
70342B-—12J5C 
70342B-—15JC 
70342B-20J5C 
70342-35RC 
70342-25RC 
70342-—30RC 
70342-35RMB 
70342-35HC 
70342-25HC 
70342—30HC 
70342-35HI 
70342-30HI 
70342-35HMB 
70342-—35JC 
70342-—25JC 
70342-—30JC 


ALTERA 
512811 
5128LI-2 
5130GC 
5130GC-1 
5130GC-2, 
5130GM 
5130JC 
5130JC-1 
5130JNC-2 
5130JM 
5130LC 
5130LC-1 
5130LC-2 
5130LI 
5130LI-2 
5130QC 
5130QC-1 
5130QC-2 
5130QI 


5192AGC-15 


5192AGC—20 
5192AJC-15 
5192AJC—20 
5192ALC-1 
5192ALC—2 
5192GC 
5192GC-1 
5192GC—2 
5192JM 
5192JC 
5192JC—1 
5192JC—2 
5192GM 
5192Jl 
5192LC 
5192LC—1 
5192LC-—2 


CYPRESS 
7C342-35uI 
7C342-30HI 
7C346-35RC 
7C346-25RC 
7C346-30RC 
7C346-35RM 
7C346-35HC 
7C346-25HC 
7C346-30HC 
7C346-35HM | 
7C0346-35JC 
7C346-25JC 
7C346-30JC 
7C346-35ul 
7C346-30uI 
7C346-35NC 
7C346-25NC 
7C346-30NC 
7C346-35NI 
7C341B-15RC 
7C341B-20RC 
7C341B-15HC 
7C341B-20HC 
70341B-15JC 
7C341B-20JC 
7C341-35RC 
7C341-25RC 
7C341-30RC 
7C341-35HM 
7C341-35HC 
70341-25HC 
7C341-30HC 
7C341-35RM 
7C341-35HI 
7C341-35JC 
70341-25JC 
7C341-30JC 


Document #: 38-00087-D 
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Features 


¢ 192 macrocells in 12 LABs 
¢ 8 dedicated inputs, 64 bidirectional I/O pin 


¢ Advanced 0.65-micron CMOS technology to increase 
performance 


* Programmable interconnect array 
¢ 384 expander product terms 
* Available in 84-pin HLCC, PLCC, and PGA packages 


Functional Description 


The CY7C341B is an Erasable Programmable Logic Device 
(EPLD) in which CMOS EPROM cells are used to configure 
logic functions within the device. The MAX architecture is 
100% user configurable allowing the devices to accommodate 
a variety of independent logic functions. 


The 192 macrocells in the CY7C341B is divided into 12 Logic 
Array Blocks (LABs), 16 per LAB. There are 384 expander 
product terms, 32 per LAB, to be used and shared by the mac- 
rocells within each LAB. Each LAB is interconnected with a 
programmable interconnect array, allowing all signals to be rout- 
ed throughout the chip. 


The speed and density of the CY7C341B allows them to be used 
in a wide range of applications, from replacement of large 
amounts of 7400 series TTL logic, to complex controllers and mul- 
tifunction chips. With greater than 37 times the functionality of 
20-pin PLDs, the CY7C341B allows the replacement of over 75 
TTL devices. By replacing large amounts of logic, the CY7C341B 
reduces board space, part count, and increases system reliability. 


Each LAB contains 16 macrocells. In LABs A, F, G, and L, 8 
macrocells are connected to I/O pins and 8 are buried, while 
for LABs B, C, D, E, H, I, J, and K, 4 macrocells are connected 
to I/O pins and 12 are buried. Moreover, in addition to the I/O 
and buried macrocells, there are 32 single product term logic 
expanders in each LAB. Their use greatly enhances the ca- 
pability of the macrocells without increasing the number of 
product terms in each macrocell. 


Logic Array Blocks 


There are 12 logic array blocks in the CY7C341B. Each LAB consists 
of a macrocell array containing 16 macrocells, an expander product 
term array containing 32 expanders, and an I/O block. The LAB is 
fed by the programmable interconnect array and the dedicated input 
bus. All macrocell feedbacks go to the macrocell array, the expand- 
er array, and the programmable interconnect array. Expanders feed 
themselves and the macrocell array. All I/O feedbacks go to the pro- 
grammable interconnect array so that they may be accessed by 
macrocells in other LABs as well as the macrocells in the LAB in 
which they are situated. 


fax id: 6106 


CY7C341B 
192-Macrocell MAX® EPLD 


Externally, the CY7C341B provide 8 dedicated inputs, one of 
which may be used as a system clock. There are 64 I/O pins that 
may be individually configured for input, output, or bidirectional data 
flow. 


Programmable Interconnect Array 


The Programmable Interconnect Array (PIA) solves intercon- 
nect limitations by routing only the signals needed by each 
logic array block. The inputs to the PIA are the outputs of every 
macrocell within the device and the I/O pin feedback of every 
pin on the device. 


Unlike masked or programmable gate arrays, which induce 


variable delay dependent on routing, the PIA has a fixed delay. 
This eliminates undesired skews among logic signals, which 
may cause glitches in internal or external logic. The fixed de- 
lay, regardless of programmable interconnect array configura- 
tion, simplifies design by assuring that internal signal skews or 
races are avoided. The result is ease of design implementa- 
tion, often in a single pass, without the multiple internal logic 
placement and routing iterations required for a programmable 
gate array to achieve design timing objectives. 


Timing Delays 


Timing delays within the CY7C341B may be easily deter- 
mined using Warp2®, or Warp3® software or by the model shown 
in Figure 1. The CY7C341B has fixed internal delays, allowing the 
user to determine the worst case timing delays for any design. For 
complete timing information, the Warp3 software provides a timing 
simulator. 


Design Recommendations 


For proper operation, input and output pins must be con- 
strained to the range GND < (VIN or VOUT) < VCC. Unused 
inputs must always be tied to an appropriate logic level (either VCC 
or GND). Each set of VCC and GND pins must be connected to- 
gether directly at the device. Power supply decoupling capacitors of 
at least 0.2 LF must be connected between VCC and GND. For the 
most effective decoupling, each VCC pin should be separately de- 
coupled to GND, directly at the device. Decoupling capacitors 
should have good frequency response, such as monolithic ceramic 


types. 
Design Security 


The CY7C341B contains a programmable design security fea- 
ture that controls the access to the data programmed into the 
device. If this programmable feature is used, a proprietary 
design implemented in the device cannot be copied or re- 
trieved. This enables a high level of design control to be ob- 
tained since programmed data within EPROM cells is invisible. 
The bit that controls this function, along with all other program 
data, may be reset simply by erasing the device. 
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Selection Guide 


7 41B-15 | 7C3 7C341B-25 | 7C341B-30 | 7C341B-35 


415-20 


20 


Maximum 
Operating 
Current (mA) 


Standby industrial =| a Re A a goa 


Current (mA) 

Shaded area contains preliminary information. 

MAX is a registered trademark of Altera Corporation. 

Warp is a trademark of Cypress Semiconductor Corporation. 


Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 
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380 
480 
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360 
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Logic Block Diagram 


1 (A6) INPUT/CLK [7] 
ie ni — ee 
42 (J6) INPUT LJ 


LABA WN 


4 (C5) 

5 (a4) MACROCELL2 

6 (84) MACROCELL3 

7 Asy MACROCELL4 ae 

8 (A2) LI MACROCEL 

9 (B3) LU MACRO E 

10 (A1) LO MACRO 

11 (B2) MACRO ; — 
MACROCELL9- 16 

12 (c2) MACROCELL 17 

13 (B1) MACROCELL 18 

14 (C1) EI MACROCELL19 

15 (D2) MACRO 0 
MACROCELL21 - 32 

16 (D1) MACROCELL33 P 

17 (63) © MACROCELL 34 

20 (F2) MACROCELL35 | 

21 (F3) MACROCELL 36 
MACROCELL37 - 48 a 

22 (43) 0 MACROCELL49 

23 (G1) MACROCELL50 

25 (F1) CI MACROCELL51 

26 (H1) MACROCELL52 
MACROCELL53- 64 
Woe y XD 

27 (H2) MACROCELL65 

28 (J1) MACROCELL 66 

29 (K1) MACROCELL67 

30 (v2) CJ MACROCELL68 
MACROCELL69- 80 al 

31 (L1) 0 MACROCELL61 

32 (K2) CI MACROCELL 62 

33 (K3) © MACROCELL83 

34 (12) MACROCELL 84 ame 

35 (L3) © MACROCELL 85 

36 (K4) MACROCELL 86 

37 (4) MACROCELL 87 

38 (J5) LJ MACRO 89 E==> r 
MACROCELL89 - 96 


3, 24, 45, 66 (BS, G2, K7,E10) L>— Voc 
18, 19, 39, 40, 60, 61, 81, 82 (E1, E2, K5, L5, G10, G11, A7,B7) [>—— GND 


3-139 


SYSTEMCLOCK 


iy aps 


itd 


el 


it J 


el 


if J 


“ay! 


| 


! 


CY7C341B 


L})=o INPUT (C6) 84 
LJ = INPUT (C7) 83 
[J INPUT (L7) 44 
Li = INPUT (J7) 43 
LABG 
CJ 46 (16) 
MACROCELL 98 CI 47 (18) 
MACROCELL99 I 48 (K8) 
MACROCELL 100 CI 49 (L9) 
MACROCELL10 L—I 50 (110) 
MACROCELL 10 LI 54 (K9) 
MACRO 0 LI 50 (L11) 
MACRO 04 Lt 53 (K10) 
MACROCELU05- 112 
Le LABH 
MACROCELL 113 TJ 54 (J10) 
MACROCELL 114 LI 55 (K11) 
MACROCELL 115 Ll 56 (J11) 
MACRO 6 LJ 57 (H10) 
MACROCELL117- 128 
SL us 
MACROCELL 129 Leet §58 (H11) 
MACROCELL 130 Li 59 (F10) 
MACROCELL 131 Li 62 (G9) 
MACROCEL! Lj 63 (F9) 
MACROCELI133- 144 
ty LT ues 
MACROCELL 145 TJ] 664 (F11) 
MACROCELL 146 i_t 65 (E11) 
MACROCELL 147 L! 67 (E9) 
MACROCELL 148 La 68 (D11) 
MACROCELLI49- 160 
fb OL x 
MACROCELL 161 1 69 (D10) 
MACROCELL 162 iL 70 (C11) 
MACROCELL 163 Lt 71 (B11) 
MACROCELL 164 t} 72 (C10) 
MACROCELLI65- 176 
MACROCELL 177 Tj 73 (A11) 
MACROCELL 178 | 74 (B10) 
MACROCELL 179 LJ 75 (B9) 
MACROCELL 180 Lui 76 (A10) 
MACROCELL 181 [1 77 (A9) 
MAGROCELL 182 1 78 (B8) 
_MACROCELL 183 [I 79 (A8) 
MACRO 84 Li 80 (B6) 


MACROCELL185- 192 
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Design Security (continued) The erasable nature of these devices allows test programs to 


be used and erased during early stages of the production flow. 
The CY7C341B is fully functionally tested and guaranteed through The devices also contain on-board logic test circuitry to allow 
complete testing of each programmable EPROM bit and all internal verification of function and AC specification once encapsulat- 
logic elements thus ensuring 100% programming yield. ed in non-windowed packages. 
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Figure 1. CY7C341B Internal Timing Model 
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Maximum Ratings DC Input Voltage!) oe shea ceatthaes Rite ~3.0V to +7.0V 
(Above which the usetul lieimay be impaired: (Por userguide- DC Eogam VON AGG cosiccccapucdsytnsusctessecesuaa aren cesaepetsy 13.0V 
lines, not tested.) Static Discharge Voltage...........:ccccessseeeesteessteeeeeeenes >1100V 
Storage Temperature .....ccccecccceccsseccssecsseeesseees 65°C to +150°C ~—s« (Per MIL-STD-883, method 3015) 
Ambient Temperature with Operatina Ranae 
POWET ADDINEO sscsiccst teste eal ecisie omer ees ness 0°C to +70°C perating g 
; Ambient 
(UNGER Bias) tattle aie hamoenteaialeeeets 150°C Range Mehl sacdabaati Vec 
H ° 
Supply Voltage to Ground Potential.................. —2.0V to +7.0V 0 wd HOU SV £5% 
. — fe) to) 
Maximum Power Dissipation .............ccccccecccccceneeeees 2500 mW Industrial a0 Cane ov Ave 
“1 i) ° ° Oo, 
DOV ee OF GND CUO Ms issscnscrsincidinentetivemantsiagaebibentsvaiiens 500 mA ee Boe eee Cees) ous 
DC Output Current, per Pin... —25 mA to +25 mA 


Electrical Characteristics Over the Operating Rangel! 


VoH 


Output HIGH Voltage Voc = Min., loy =-4.0 mA 


2 


Output Short Voc = Max., Vout = GND" 


Circuit Current 


Power Supply V;=Voc or GND Com’! 
Current (Standby) (No Load) 


Ioce Power Supply Vi = Voc or GND (No Load) Com’ 


Capacitance! . 


1. Minimum DC input is -0.3V. During transitions, the inputs may undershoot to -2.0V for periods less than 20 ns. 

2. Typical values are for Ty = 25°C and Voc = SV. 

3. Guaranteed but not 100% tested. 

4. Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyt = 0.5V has been chosen to avoid 
test problems caused by tester ground degradation. 

5. This parameter is measured with device programmed as a 16-bit counter in each LAB and is tested periodically by sampling production material. 

6. Part (a) in AC Test Load and Waveforms is used for all parameters except ter and tyz, which is used for part (b) in AC Test Load and Waveforms. All external timing 
parameters are measured referenced to external pins of the device. 
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R1464Q R1464Q 


5V 5V | ALL INPUT PULSES 
OUTPUT OUTPU 7 
50 pF R2 5 pF R2 | 
i 2500 2500 
INCLUDING 


JIGAND ~ == = 
SCOPE (a) (b) C341B-5 | C341B-6 
Equivalent to: THEVENIN EQUIVALENT(commercial/military) 


OUTPUTo——— Reo 1.75V 


External Synchronous Switching Characteristics Over the Operating Rangel“ 


: 70341B-25 | 7C341B-30 | 7C341B-35 
Parameter Description 


tppt Dedicated Input to | Com'l fF e48 Z 


Combinatorial Output 


> 
e) 


Delay!”] 


tppe /O Input to Combinatorial (Com et 5 a ic 


Output Delay!® rm ft aa as 
ae Dedicated Input to rom [ef 

Combinatorial Output Delay a 
with Expander Delay"! ee 


tpp4 I/O Input to Combinatoria Com'l |. 
| Output Delay with el 
Expander Delay!?:10l aS ee 


=] 
” 


Input to Output é {Com} car 
Enable Delay'”: | Mil | ogee = - a 


~ 4 Input {9 Output Disable Com ee fet! 
Delay Mil meg 


Synchronous Clock Input to 
Output Delay mit 
Output!6121 
| High Time rea oo - 
Com | .8.; fo dee 


tco2 Synchronous Clock to Local | Com’! 
Feedback to Combinatorial 
Output!311] 
Dedicated Input or 
tso I/O Input Set-up Time to 
Synchronous Clock Input!®! 
WH 
Synchronous Clock Input 
Low Time Mil 
trw Asynchronous Clear 


Feedback Set-up Time 

tH Input Hold Time from 
Synchronous Clock Input! 
Width!3.6 


&)] Bi DP] MO] @W] @!] @| @ NIT ON O1; O1/ O11] O1 W| 
NM] PM] OO} OF] OF OF] O1] ol; O1 Or) O1; O1; O1 oO; O1 


© 
CO] DS} a>] |] @D] DS] WS] ® or; O1 S| Bp; HH ©} & 
Ol] O1) MD] MDM] CO] CO] CO] © oO} © A) Bp) oO oO oO; © 
N 


oa} ol—|—| pl] pl] pl pl ol al wl] ol A] Bi pol p 
Oo; OO] BAI Bi oo of] of pl Ppl NI NT OloO!l aia 


(de) —_ | — 
i) oOo] O1 


NO} Nh ie) 


A); - N 
oO o1 


to Synchronous Clock 
t Synchronous Clock Input 


ah | ot G| ©& NO 
oO}| © (Comm ce) Oo 
ae Se So 9 
NO} NOT Po 
inl onl on “I 


wl wi —] — 
oO; oO]; O| © 
wo a! p> 
NO 
| 8 
7) 


Shaded area contains preliminary information. 
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External Synchronous Switching Characteristics Over the Operating Rangel (continued) 


70341 B-15 7C341B-20 | 7C341B-25 | 7C341B-30 | 7C341B-35 


Parameter Description 


tar Asynchronous Clear 
Recovery!3:7] 


Asynchronous Clear to Com 
Registered Output Delay! 


© 
fe} 
=A 


= ~h —_ 
Dw) O1 01 o) 


awh. 


Go} 


tow Asynchronous Preset Com a 
Width”: Mil | 
tpr Asynchronous Preset Com’! 
Recovery Timel®: 
tpo Asynchronous Preset to Co 
Registered Output 
Delay! 
tor Synchronous Clock to Local 


Feedback Input!?:15] 


—); — NO} PED] dh N| NM 
(o> ep) O11; OF; C1] O71 Oo; Oo 


MLN Ni NM 
NO} NM WD} @®| Oj @© | & 
Oo; © Oo}; O}| OG}; © oO}; © 


GQ) @ QW] @ 
NO] NO G} ©] G] G Go| © 
O1; O1 Oi; Ot; O1/ O1 oy; on 


© 
fo) 


or] cn} =| = NO} PO] Po PM] po 
O1o; Ain O1d10 Min 


NO} NO NO} DO 


External Synchronous Clock | Com’ ce tl 
Period (1/fyaxs)! aes 
fax External Feedback Maxi- | Com’! | 58.8 34.5 27.7 22.2} | MHz 
mum Frequency 34.5 277 99.9 
(too ttt ME me 
fMaxo Internal Local Feedback Com'!| 76.9 62.5 55.5 | 33 | | MHz 
Maximum Frequency, 625 555 43 33 
lesser of (U(tgs + tor)) 
oF (t/tco1)*! 
fMaxs Data Path Maximum Com’!| 100 62.5 40.0; | MHz 
Frequency, least of 625 50 40.0 
1/(twr + tw), Ii(ts4 + ty), or ; 
(Icon) 
fax Maximum Register Toggle |Com’l| 100 71. 62.5 40.0 force MHz 
Frequency 71.4 62.5 50 40.0 
UE ce i ae 
ion | Outbut Data Stable Time | Con Gn etl 
from Synchronous Clock 3 3 3 3 
input el ee ee ee 


Shaded area contains preliminary information. 

Notes: 

7. This specification is a measure of the delay from input signal applied to a dedicated input to combinatorial output on any output pin. This delay assumes no 
expander terms are used to form the logic function. 

When this note is applied to any parameter specification it indicates that the signal (data, asynchronous clock, asynchronous clear, and/or asynchronous preset) 
is applied to a dedicated input at and no signal path (either clock or data) employs expander logic. 

if an input signal is applied to an I/O pin an additional delay equal to tp), should be added to the comparable delay for a dedicated input. If expanders are used, add the 
maximum expander delay texp to the overall delay for the comparable delay without expanders. 

8. This specification is a measure of the delay from input signal applied to an I/O macrocell pin to any output. This delay assumes no expander terms are used 
to form the logic function. 

9. This specification is a measure of the delay from an input signal applied to a dedicated input to combinatorial output on any output pin. This delay assumes 
expander terms are used to form the logic functions and includes the worst-case expander logic delay for one pass through the expander logic. 

10. This specification is a measure of the delay from an input signal applied to an I/O macrocell pin to any output. This delay assumes expander terms are used 
to form the logic function and includes the worst-case expander logic delay for one pass through the expander logic. This parameter is tested periodically by 
sampling production material. 

11. This specification is a measure of the delay from synchronous register clock to internal feedback of the register output signal to the input of the LAB logic array 
and then to a combinatorial output. This delay assumes no expanders are used, register is synchronously clocked and all feedback is within the same LAB. 
This parameter is tested periodically by sampling production material. 

12. If data is applied to an I/O input for capture by a macrocell register, the I/O pin set-up time minimums should be observed. These parameters are tgo for 
synchronous operation and tase for asynchronous operation. 

13. This specification is a measure of the delay associated with the internal register feedback path. This is the delay from synchronous clock to LAB logic array 
input. This delay plus the register set-up time, ts, is the minimum internal period for an intemal synchronous state machine configuration. This delay is for feedback within 
the same LAB. This parameter is tested periodically by sampling production material. 

14. This specification indicates the guaranteed maximum frequency, in synchronous mode, at which a state machine configuration with external feedback can 
operate: It is assumed that all data inputs and feedback signals are applied to dedicated inputs. All feedback is assumed to be local originating within the same 
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ynchronous Switching Characteristics Over the Operating Rangelél (continued) 


| 76341B-15] 76341B-20. 

Parameter Description | | Min. | Al vi x |: N in : Max” 

tacot Dedicated Asynchronous . 245. 20 
Clock Input to Output 
Delay!4 

taco2 Asynchronous Clock Input 
to Local Feedback to 
Combinatorial Output !"91 

tasi Dedicated Input or Feedba 
Set-up Time to Asynchro- 
nous Clock Input!® 

tase I/O Input Set-Up Time to 
Asynchronous Clock input! 


iat Input Hold Time from 
Asynchronous Clock Input 


ta 


Asynchronous Clock Input! 
HIGH Timelél 


H 
taWL Asynchronous Clock Input 
LOW Time! 201 
tacr Asynchronous Clock to 
Local Feedback Input!21) 
tap External Asynchronous 
Clock Period (1/fyaxa) 
fMAXAt External Feedback 
Maximum Frequency in 
Asynchronous Mode 
1(tacor + tas)! 
fMAXA2 Maximum Internal 
| Asynchronous Frequency'3] 
IMAXA3 Data Path Maximum 
Frequency in Asynchronous 
| — |Mode4l 


External S 


=| — &;) NO} N 
Oo; O1 oO; © ol; O1 


Shaded area contains preliminary information. 
Notes: 


15. This specification indicates the guaranteed maximum frequency at which a state machine, with internal-only feedback, can operate. If register output states 
must also control external points, this frequency can still be observed as long as this frequency is less than 1/tco. 

16. This frequency indicates the maximum frequency at which the device may operate in data:path mode (dedicated input pin to output pin). This assumes data 
input signals are applied to dedicated input pins and no expander logic is used. If any of the data inputs are I/O pins, tgo is the appropriate tg for calculation. 

17. This specification indicates the guaranteed maximum frequency, in synchronous mode, at which an individual output or buried register can be cycle by a clock 
signal applied to the dedicated clock input pin. 

18. This parameter indicates the minimum time after a synchronous register clock input that the previous register output data is maintained on the output pin. 

19. This specification is a measure of the delay from an asynchronous register clock input to internal feedback of the register output signal to the input of the LAB 
logic array and then to.a combinatorial output. This delay assumes no expanders are used in the logic of combinatorial output or the asynchronous clock input. 
The oe signal is applied to the dedicated clock input pin and all feedback is within a single LAB. This parameter is tested periodically by sampling production 
material. ; 

20. This parameter is measured with a positive-edge-triggered clock at the register. For negative-edge triggering, the tay and tayy_ parameters must be swapped. If 
a given input is used to clock multiple registers with both positive and negative polarity, tayy4 should be used for both tay and tay. 

21. This specification is a measure of the delay associated with the internal register feedback path for an asynchronous clock to LAB logic array input. This delay 
plus the asynchronous register set-up time, tasy, is the minimum intemal period for an internal asynchronously clocked state machine configuration. This delay is for feedback 
within the same LAB, and assumes there is no expander logic in the clock path and the clock input signal is applied to a dedicated input pin. This parameter is tested periodically 
by sampling production material. 

22. This specification indicates the guaranteed maximum frequency at which an asynchronously clocked state machine configuration with external feedback can 
operate. It is assumed that all data inputs, clock inputs, and feedback signals are applied to dedicated inputs, and that no expander logic is employed in the 
clock signal path or data path. 

23. This specification indicates the guaranteed maximum frequency at which an asynchronously clocked state machine with internal-only feedback can operate. 
This parameter is determined by the lesser of (1/tace-+ tasy)) or (1{tawy +taw_)). If register output states must also control external points, this frequency can still be 
observed as long as this frequency is less than 1Aaco}. 

24. This frequency is the maximum frequency at which the device may operate in the asynchronously clocked data path mode. This specification is determined by 
the least of 1/(tawrH + tawL); 1(tasi + tay) Or 1A aco}. It assumes data and clock input signals are applied to dedicated input pins and no expander loigc is used. 

25. This specification indicates the guaranteed maximum frequency at which an individual output or buried register can be cycled in asynchronously clocked mode 
by a clock signal applied to an external dedicated input pin. 
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External Synchronous Switching Characteristics Over the Operating Rangel! (continued) 
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Max |Win [ Max in. [Wax 


Asynchronous Clock ge 

Logic Delay 

tics Synchronous Clock De- | Com'l |» | 0:5 — “0.5 
i Cie eee 

tep Feedback Delay Com’! oie eddie eo ie 

icon Asynchronous Register | Com’ Bicie tar Piemontese 
Preset Time PM Nomen Din meen: 

toi Asynchronous Register |Com’l | “3 
Clear Time Mil | 

tpow Asynchronous Preset Com’ ea 
and 

| Clear Pulse Width os 


t Asynchronous Preset Com! | 3) ; rey et 
PCR eae 


and te 
Clear Recovery Time a et 
Programmable Intercon- [Com | | 


nect Array Delay 


Shaded area contains preliminary information. 
Notes: 
26. This parameter indicates the minimum time that the previous register output data is maintained on the output after an asynchronous register clock input applied 
to an external dedicated input pin. 
27. Sample tested only for an output change of 500 mV. 
28. This sveclecten guarantees the maximum combinatorial delay associated with the macrocell register bypass when the macrocell is configured for combi- 
natorial operation. 


3-146 


CY7C341B 


\ 
oh 


7 CYPRESS 


Switching Waveforms 
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Switching Waveforms (continued) 


Internal Synchronous 


CLOCK Bice ey ee fe 


LOGIC ARRAY Ba tco 
tRD 
LOGIC ARRAY, 


txz tzx 


txz 
HIGH IMPEDANCE 
STATE 


C341B-13 


Ordering Information 


Stes | ordering code | "Name | Package Type | Range 
(ns) Ordering Code Name Package Type Range 
84-Lead Windowed Leaded Chip Carir | CommerciaVIndustal 


H 
H . 
CY7C341B-20HMB 84-Lead Windowed Leaded Chip Carrier | Military 
84-Lead Windowed Pin Grid Array 
= 
H 
H 
R 
H 
R 
H 
H 


Commercial/Industrial 


84 
84-Lead Windowed Pin Grid Array 
84 
R84 


84-Lead Windowed Leaded Chip Carrier | Military 
84-Lead Windowed Pin Grid Array 
84-Lead Windowed Leaded Chip Carrier | Commercial/Industrial 


84-Lead Plastic Leaded Chip Carrier 
84-Lead Windowed Pin Grid Array 
84-Lead Windowed Leaded Chip Carrier 


CY7C341B-30HMB 
84-Lead Windowed Pin Grid Array 


CY7C341B-30RMB 
3 CY7C341B-35HC/HI 84-Lead Windowed Leaded Chip Carrier | Commercial/Industrial 
CY7C341B-35JC/Jl 84-Lead Plastic Leaded Chip Carrier 
: 


¥ CY7C341B-25HC/HI 


15 
20 
CY7C341B-20RMB 
25 84-Lead Windowed Leaded Chip Carrier | Commercial/Industrial 
30 
5 


CY7C341B-35RC/RI 84-Lead Windowed Pin Grid Array 
CY7C341B-35HMB | 84 | 84-Lead Windowed Leaded Chip Carrier 
CY7C341B-35RMB_ =| ~—-R84_—| 84-Lead Windowed Pin Grid Array 


Shaded area contains preliminary information. 
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Features 
¢ 92 macrocells in 12 LABs 
¢ 8 dedicated inputs, 64 bidirectional I/O pins 
¢ 0.8-micron doubie-metal CMOS EPROM technology 
¢ Programmable interconnect array 
* 384 expander product terms 
¢ Available in 84-pin HLCC, PLCC, and PGA packages 


Functional Description 


The CY7C341 is an Erasable Programmable Logic Device 
(EPLD) in which CMOS EPROM cells are used to configure 
logic functions within the device. The MAX architecture is 
100% user configurable allowing the devices to accommodate 
a variety of independent logic functions. 


The 192 macrocelis in the CY7C341 are divided into 12 Logic 
Array Blocks (LABs), 16 per LAB. There are 384 expander 
product terms, 32 per LAB, to be used and shared by the mac- 
rocells within each LAB. Each LAB is interconnected with a 
programmable interconnect array, allowing all signals to be rout- 
ed throughout the chip. 


The speed and density of the CY7C341 allows them to be used in 
a wide range of applications, from replacement of large amounts 
of 7400 series TTL logic, to complex controllers and multifunction 
chips. With greater than 37 times the functionality of 20-pin PLDs, 
the CY7C341 allows the replacement of over 75 TTL devices. By 
replacing large amounts of logic, the CY7C341 reduces board 
space, part count, and increases system reliability. 


Each LAB contains 16 macrocells. In LABs A, F, G, and L, 8 
macrocells are connected to I/O pins and 8 are buried, while 
for LABs B, C, D, E, H, I, J, and K, 4 macrocells are connected 
to I/O pins and 12 are buried. Moreover, in addition to the 1/O 
and buried macrocells, there are 32 single product term logic 
expanders in each LAB. Their use greatly enhances the capa- 
bility of the macrocells without increasing the number of prod- 
uct terms in each macrocell. 


Logic Array Blocks 


There are 12 logic array blocks in the CY7C341. Each LAB consists 
of a macrocell array containing 16 macrocells, an expander product 
term array containing 32 expanders, and an I/O block. The LAB is 
fed by the programmable interconnect array and the dedicated input 
bus. All macrocell feedbacks go to the macrocell array, the expander 
array, and the programmable interconnect array. Expanders feed 
themselves and the macrocell array. All I/O feedbacks go to the pro- 
grammable interconnect array so that they may be accessed by 
macrocells in other LABs as well as the macrocells in the LAB in 
which they are situated. 


Externally, the CY7C341 provides 8 dedicated inputs, one of 
which may be used as a system clock. There are 64 I/O pins 


fications. For new designs please refer to 
the CY7C341B. 


CY7C341 


192-Macrocell MAX® EPLD 


that may be individually configured for input, output, or bidirec- 
tional data flow. 


Programmable Interconnect Array 


The Programmable Interconnect Array (PIA) solves intercon- 
nect limitations by routing only the signals needed by each 
logic array block. The inputs to the PIA are the outputs of every 
macrocell within the device and the |/O pin feedback of every 
pin on the device. 


Unlike masked or programmable gate arrays, which induce 
variable delay dependent on routing, the PIA has a fixed delay. 
This eliminates undesired skews among logic signals, which 
may cause glitches in internal or external logic. The fixed delay, 
regardless of programmable interconnect array configuration, 
simplifies design by assuring that internal signal skews or rac- 
es are avoided. The result is ease of design implementation, 
often in a single pass, without the multiple internal logic place- 
ment and routing iterations required for a programmable gate 
array to achieve design timing objectives. 


Timing Delays 


Timing delays within the CY7C341 may be easily determined 
using Warp2® or Warp3® software. The CY7C341 has fixed inter- 
nal delays, allowing the user to determine the worst case timing 
delays for any design. For complete timing information, the Warp3 
software provides a timing simulator. 


Design Recommendations 


For proper operation, input and output pins must be con- 
strained to the range GND < (VIN or VOUT) < VCC. Unused 
inputs must always be tied to an appropriate logic level (either VCC 
or GND). Each set of VCC and GND pins must be connected to- 
gether directly at the device. Power supply decoupling capacitors of 
at least 0.2 UF must be connected between VCC and GND. For the 
most effective decoupling, each VCC pin should be separately de- 
coupled to GND, directly at the device. Decoupling capacitors 
should have good frequency response, such as monolithic ceramic 


types. 
Design Security 


The CY7C341 contains a programmable design security fea- 
ture that controls the access to the data programmed into the 
device. If this programmable feature is used, a proprietary de- 
sign implemented in the device cannot be copied or retrieved. 
This enables a high level of design control to be obtained since 
programmed data within EPROM cells is invisible. The bit that 
controls this function, along with all other program data, may 
be reset simply by erasing the device. 
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Selection Guide 


0885 7C3H-30 TOBA 35 


Maximum Access Time (ns) 
Maximum Commercial 
ilitary 


soe 
c 


Maximum Standby 
Current (mA) 


Industrial 


MAX is a registered trademark of Altera Corporation. 
Warp2 and Warp3 are trademarks of Cypress Semiconductor Corporation. 


Current (mA) 
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Features 


¢ 128 macrocells in 8 LABs 
¢ 8 dedicated inputs, 52 bidirectional I/O pins 
¢ Programmable interconnect array 


e Advanced 0.65-micron CMOS technology to increase 
performance 


e Available in 68-pin HLCC, PLCC, and PGA 
Functional Description 


The CY7C342B is an Erasable Programmable Logic Device 
(EPLD) in which CMOS EPROM cells are used to configure 
logic functions within the device. The MAX architecture is 
100% user configurable, allowing the devices to accommodate 
a variety of independent logic functions. 


Logic Block Diagram 
1 (B6) INPUT/CLK 


2 (A6) INPUT 
32 (L4) INPUT 
34 (L5) INPUT 


fax id: 6107 


CY7C342B 
128-Macrocell MAX® EPLDs 


The 128 macrocells in the CY7C342B are divided into 8 Logic 
Array Blocks (LABs), 16 per LAB. There are 256 expander 
product terms, 32 per LAB, to be used and shared by the mac- 
rocells within each LAB. 


Each LAB is interconnected with a programmable interconnect 
array, allowing all signals to be routed throughout the chip. 


The speed and density of the CY7C342B allows it to be used ina 
wide range of applications, from replacement of large amounts of 
7400-series TTL logic, to complex controllers and multifunction 
chips. With greater than 25 times the functionality of 20-pin PLDs, 
the CY7C342B allows the replacement of over 50 TTL devices. By 
replacing large amounts of logic, the CY7C342B reduces board 
space, part count, and increases system reliability. 


INPUT 
INPUT 
INPUT 
INPUT 


SYSTEM CLOCK 


LABA WN 


MACROCELL 1 
MACROCELL 2 
MACRO > 
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[| MACHOCEIL5 
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12 (C2) 
13 (C1) 
14 (D2) 
15 (D1) 
17 (E1) 


MACROCELL 19 
MACROCELL 20 
MACROCELL 21 


MACROCELL 22-32 


18 (F2) MACROCELL 33 
19 (F1) AGRO 
21 (G1) MACROCELL 35 
22 (H2) MAGRO 
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Pike eA 
penenn 


E 


Ub 1] 


zl 


Lb 1] 


MACROCELL 37 
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MACROCELL 50 
ROCELL 51 


MACROCELL 56 
MACROCELL 57-64 
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MACR 
MAGRO 


(B8) 65 


VAD 


MACROCELL 114 
MACROCELL 113 


MACROCELL 121-128 


| Le 


MACROCELL 101 
MACROCELL 100 
MACROCELL 99 


MACROCELL 9: 
MACRO 0 


if 


1 
: 


(F10) 52 


MACROCELL 102-112 


ics LABF 


MACROCELL 85 
MACROCELL 84 
MACROCELL 83 
MACROCELL 82 
MACROCELL 81 


if 


(G11) 51 
(H11) 49 
(H10) 48 
(J11) 47 
(J10) 46 


MACROCELL 86-96 


ae LABE 


MACROCELL 71 
MACROCELL 70 
MACROCELL 69 
MACROCELL 68 (K9) 41 
MACROCELL 6 (L8) 40 
66 (K8) 39 
(L7) 38 


if J 


(K11) 45 
(K10) 44 
(L10) 43 
(L9) 42 


tl 


If 


MACROCELL 73-80 


() -PERTAIN TO 68-PIN PGA PACKAGE 


3, 20, 37, 54 (BS, G2, K7,E10)L >= Voc 


16, 33, 50, 67 (E2,K5,G10,B7)[->— _ GND C342B-1 


MAX is a registered trademark of Altera Corporation. Warp2 and Warp3 are registered trademarks of Cypress Semiconductor. 
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Maximum Ratings DC Input Voltage!!! sedaceadonscanpadecsasnsnnierauaeeaune —3.0V to + 7.0V 
GAbove which tne-usetubifeanay be dmnpaied Poruser guide: DC Progam VONEOG wilco ator eadl ncmiec aati canenes 13.0V 
lines, not tested.) Static Discharge Voltage..............ccsscccccreeeeeeseceeeeeereees >1100V 
Storage Temperature ......... eee ee —65°C to+150°C per MIE SND ees menar 20te) 
Ambient Temperature with Operating Range 
Power Applied .............::::ssscsccccseeceeeneeseeeeseeeeeeees 0°C to+70°C 
: Ambient 
(UINGOE DIAS) ccteaperssectsersaesistecenseuneuarseraean earatiaeeteanne: 150°C 
0°C to +70°C 5V + 5% 
Supply Voltage to Ground Potential ................ —3.0V to+7.0V 
sae oes Industrial —40°C to +85°C 5V + 10% 
Maximum Power Dissipation................cccccseseeeeeeteees 2500 mW — 
Military —55°C to +125°C (Case) 5V + 10% 
DC Vee or GND Current... eeeeeeereeeeeeeeeees 500 mA 
DC Output Current per Pin...............:c:008 —25 mA to+25 mA 


Electrical Characteristics Over the Operating Rangel! 


Vou Output HIGH Voltage Vec = Min., loy = —4.0 mA 
Output LOW Voltage Vec = Min., lo, = 8.0 mA as 


OH 

Min [inputHiGH Voltage | 

Input LOW Voltage aren Ss ee 
Z 
OS 


Power Supply Current (Static) | V,; = GND (No Load) , 
Mil/Ind 275 


loce Power Supply Current!®! Vi = Voc or GND (No Load) [Com |  ———s|_—250 mA 
poe oe Milind | | __320 


Recommended Input Fall Time 


Capacitance! 


Test Conditions [Mak 


Notes: 

Minimum DC input is —0.3V. During transitions, the inputs may undershoot to —3.0V for periods less than 20 ns. 

Typical values are for T, = 25°C and Vcc = 5V. 

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyt = 0.5V has been chosen to avoid 
test problems caused by tester ground degradation. 

Guaranteed but not 100% tested. 

This parameter is measured with device programmed as a 16-bit counter in each LAB. 

Part (a) in AC Test Load and Waveforms is used for all parameters except te, and tyz, which is used for part (b) in AC Test Load and Waveforms. All external 
timing parameters are measured referenced to external pins of the device. 


Grae. (ON 
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AC Test Loads and Waveforms! 


R1 464.Q R1 4642 
5V 5V 
OUTPU OUTPU 
50 pF R2 R2 
ij 2500 | 
INCLUDING + = INCLUDING + + 
JIG AND ~ = JIGAND ~ = 
SCOPE SCOPE 
(a) 


THEVENIN EQUIVALENT (commercial/military) 


1638Q 
OUTPUT o0—————ww———————o 1.75V 


Equivalent to: 


Logic Array Blocks 


There are 8 logic array blocks in the CY7C342B. Each LAB 
consists of a macrocell array containing 16 macrocells, an ex- 
pander product term array containing 32 expanders, and an 
I/O block. The LAB is fed by the programmable interconnect 
array and the dedicated input bus. All macrocell feedbacks go 
to the macrocell array, the expander array, and the program- 
mable interconnect array. Expanders feed themselves and the 
macrocell array. All I/O feedbacks go to the programmable in- 
terconnect array so that they may be accessed by macrocells 
in other LABs as well as the macrocells in the LAB in which 
they are situated. 


Externally, the CY7C342B provides eight dedicated inputs, 
one of which may be used as a system clock. There are 52 I/O 
pins that may be individually configured for input, output, or 
bidirectional data flow. | 


Programmable Interconnect Array 


The Programmable Interconnect Array (PIA) solves intercon- 
nect limitations by routing only the signals needed by each 
logic array block. The inputs to the PIA are the outputs of every 
macrocell within the device and the I/O pin feedback of every 
pin on the device. 


Unlike masked or programmable gate arrays, which induce 
variable delay dependent on routing, the PIA has a fixed delay. 
This eliminates undesired skews among logic signals that may 
cause glitches in internal or external logic. The fixed delay, 
regardless of programmable interconnect array configuration, 
simplifies design by assuring that internal signal skews or rac- 
es are avoided. The result is ease of design implementation, 
often in a signal pass, without the multiple internal logic place- 


2502, 


C342B-4 


CY7C342B 


ALL INPUT PULSES 


90% 
10% 


< 6ns 


C342B-5 


ment and routing iterations required for a programmable gate 
array to achieve design timing objectives. 


Timing Delays 


Timing delays within the CY7C342B may be easily determined 
using Warp2® or Warp3®software by the model shown in Fig- 
ure 1. The CY7C342B has fixed internal delays, allowing the 
user to determine the worst case timing delays for any design. 
For complete timing information the Warp3 software provides 
a timing simulator. 


Design Recommendations 


Operation of the devices described herein with conditions 
above those listed under “Maximum Ratings” may cause per- 
manent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condi- 
tions above those indicated in the operational sections of this 
datasheet is not implied. Exposure to absolute maximum rat- 
ings conditions for extended periods of time may affect device 
reliability. The CY7C342B contains circuitry to protect device 
pins from high static voltages or electric fields, but normal pre- 
cautions should be taken to avoid application of any voltage 
higher than the maximum rated voltages. — 


For proper operation, input and output pins must be con- 
strained to the range GND < (Vjy Or Voyt) < Voc. Unused 
inputs must always be tied to an appropriate logic level (ei- 
ther Voc or GND). Each set of V¢ec and GND pins must be 
connected together directly at the device. Power supply de- 
coupling capacitors of at least 0.2 uF must be connected 
between VCC and-GND. For the most effective decoupling, 
each Vcc pin should be separately decoupled to GND direct- 
ly at the device. Decoupling capacitors should have good 
frequency response, such as monolithic ceramic types have. 
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Figure 1. CY7C342B Internal Timing Model 
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Design Security 


The CY7C342B contains a programmable design security fea- 
ture that controls the access to the data programmed into the 
device. If this programmable feature is used, a proprietary de- 
sign implemented in the device cannot be copied or retrieved. 
This enables a high level of design control to be obtained since 
programmed data within EPROM cells is invisible. The bit that 
controls this function, along with all other program data, may 
be reset simply by erasing the entire device. 


The CY7C342B is fully functionally tested and guaranteed 
through complete testing of each programmable EPROM bit 
and all internal logic elements thus ensuring 100% program- 
ming yield. 

The erasable nature of these devices allows test programs to 
be used and erased during early stages of the production flow. 
The devices also contain on-board logic test circuitry to allow 
verification of function and AC specification once encapsulat- 
ed in non-windowed packages. . 
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Timing Considerations 


Unless otherwise stated, propagation delays do not include 
expanders. When using expanders, add the maximum ex- 
pander delay texp to the overall delay. Similarly, there is an 
additional tp;, delay for an input from an I/O pin when com- 
pared to a signal from straight input pin. 


When calculating synchronous frequencies, use tg; if all in- 
puts are on dedicated input pins. The parameter tgo should 
be used if data is applied at an I/O pin. If tgo is greater than 
tco1, 1/ts2 becomes the limiting frequency in the data path 
mode unless 1/(tywy + tw) is less than 1/tgo. 


When expander logic is used in the data path, add the appro- 
priate maximum expander delay, texp to ts;. Determine which 
of 1/(twH + tw): T/tco1, or 1/(texp + ts1) is the lowest fre- 
quency. The lowest of these frequencies is the maximum 
data path frequency for the synchronous configuration. 


When calculating external asynchronous frequencies, use 
tasq if all inputs are on the dedicated input pins. If any data 
is applied to an I/O pin, taso must be used as the required 
set-up time. If (tago + tay) is greater than taco, 1/(tago + tan) 
becomes the limiting frequency in the data path mode unless 
1/(tawH + tawL) is less than 1/(taso + tay)- 


When expander logic is used in the data path, add the appro- 
priate maximum expander delay, teyp to tag}. Determine 
which of A/(tawn + taw_), /tacoi: or 1/(texp - tas) is the 
lowest frequency. The lowest of these frequencies is the 
maximum data path frequency for the asynchronous config- 
uration. 


The parameter toy indicates the system compatibility of this 
device when driving other synchronous logic with positive 
input hold times, which is controlled by the same synchro- 
nous clock. If toy is greater than the minimum required input 
hold time of the subsequent synchronous logic, then the de- 
vices are guaranteed to function properly with a common 
synchronous clock under worst-case environmental and 
supply voltage conditions. 


The parameter tagy indicates the system compatibility of this 
device when driving subsequent registered logic with a pos- 
itive hold time and using the same asynchronous clock as 
the CY7C342B. 


In general, if tagy is greater than the minimum required input 
hold time of the subsequent logic (synchronous or asynchro- 
nous) then the devices are guaranteed to function properly 
under worst-case environmental and supply voltage condi- 
tions, provided the clock signal source is the same. This also 
applies if expander logic is used in the clock signal path of 
the driving device, but not for the driven device. This is due 
to the expander logic in the second device’s clock signal path 
adding an additional delay (texp) causing the output data 
from the preceding device to change prior to the arrival of 
the clock signal at the following device’s register. 
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Commercial and Industrial External Synchronous Switching Characteristics! Over Operating Range 


Parameter Description | | Min. | Max. | Min. | Max. | Min. | Max. | 


Dedicated Input to Combinatorial Output Delay with 
Expander Delay!” 
/O put to Combinatorial Output Delay with Expander 
Delay!* 10] 


Input to Output Enable Delay 


a9) ae) 
7) Oo 
& o 


Input to Output Disable Delay 


Synchronous Clock Input to Output Delay 


tco1 


tco2 Synchronous Clock to Local Feedback to 
Combinatorial Output!4 11] 
Dedicated Input or Feedback Set-Up Time to 
Synchronous Clock Input!* 12! | 


rE 
2 
[Asynchronous Clear wiahi®™———SSC~«dC 
[Asynchronous Gear to Registered Output Delay” | _—*i| 2 
[Asynchronous Preset io Registered Ou Delay™™ |__| 
[Synchronous Glookto Local Feedback Inpul™™T | 
[Exiemal Synchronous Clock Period (Mtuaxs™T™ ‘| 8 


External Feedback Maximum Frequency 71.4 

(1/(tco1 + tg1))!* "4 

fmaxe Internal Local Feedback Maximum Frequency, lesser of 76.9 
(WM(tg1 + tor) oF (1/tgo1)" | 
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Notes: 
7. This specification is a measure of the delay from input signal applied to a dedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 66, or 68) to combinatorial 
output on any output pin. This delay assumes no expander terms are used to form the logic function. 


When this note is applied to any parameter specification it indicates that the signal (data, asynchronous clock, asynchronous clear, and/or asynchronous 
preset) is applied to a dedicated input only and no signal path (either clock or data) employs expander logic. 


If an input signal is applied to an I/O pin an additional delay equal to tp;, should be added to the comparable delay for a dedicated input. If expanders are 
used, add the maximum expander delay texp to the overall delay for the comparable delay without expanders. . 

8. This specification is a measure of the delay from input signal applied to an I/O macrocell pin to any output. This delay assumes no expander terms are used 
to form the logic function. 

9. This specification is a measure of the delay from an input signal applied to a dedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 36, 66, or 68) to combinatorial output 
on ay Seah pin. This delay assumes expander terms are used to form the logic function and includes the worst-case expander logic delay for one pass through the 
expander logic. 

10. This specification is a measure of the delay from an input signal applied to an I/O macrocell pin to any output. This delay assumes expander terms are used 
to form the logic function and includes the worst-case expander logic delay for one pass through the expander logic. This parameter is tested periodically by 
sampling production material. 

11. This specification is a measure of the delay from synchronous register clock to internal feedback of the register output signal to the input of the LAB logic array 
and then to a combinatorial output. This delay assumes no expanders are used, register is synchronously clocked and all feedback is within the same LAB. 
This parameter is tested periodically by sampling production material. 

12. If data is applied to an I/O input for capture by a macrocell register, the I/O pin input set-up time minimums should be observed. These parameters are tgp for 
synchronous operation and tase for asynchronous operation. 

13. This specification is a measure of the delay associated with the internal register feedback path. This is the delay from synchronous clock to LAB logic array 
input. This delay plus the register set-up time, tg,, is the minimum internal period for an internal synchronous state machine configuration. This delay is for feedback 
within the same LAB. This parameter is tested periodically by sampling production material. 

14. This specification indicates the guaranteed maximum frequency, in synchronous mode, at which a state machine configuration with external feedback can 
amar is assumed that all data inputs and feedback signals are applied to dedicated inputs. All feedback is assumed to be local originating within the 
same LAB. 

15. This specification indicates the guaranteed maximum frequency at which a state machine with internal-only feedback can operate. If register output states 
must aiso control external points, this frequency can still be observed as long as this frequency is less than 1/tco;. 
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Commercial and Industrial External Synchronous Switching Characteristics!®! Over Operating Range 


a 7C342B-12 | 7C342B-15 | 7C342B-20 
Description | Min. | 


Data Path Maximum Frequency, lesser of (1/(twe + twu)), | 111.1 1.4 
(1/(tgy + ty)) OF (1/teoy)* "8! 
MAXA Maximum Register Toggle Frequency (1/(tyy, +twy))!” 111.1 Poe a 


Output Data Stable Time from Synchronous Clock Input!* 1 
7C342B-—25 | 7C342B—-30 | 7C342B-—35 
Parameter | Description | Min. | | Max. 


tpp; Dedicated Input to Combinatorial Output Delay | | 88 | 
tppe /O Input to Combinatorial Output Delay'® | | 55 | 


Dedicated Input to Combinatorial Output Delay with 5 
Expander Delay! 

tpp4 /O put to Combinatorial Output Delay with Expander 7 
Delay!*.81 
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tea Input to Output Enable Delay!*-® 
Input to Output Disable Delay” 
tco1 Synchronous Clock Input to Output Delay 
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Synchronous Clock to Local Feedback to Combinatorial 42 
Output!4. 91 

ts4 Dedicated Input or Feedback Set-Up Time to Synchronous 15 25 
Clock Input!” 101 
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Input Hold Time from Synchronous Glock InpulT [0 
[Synchronous ClockInputHIGHTime | 
[Synchronous Clock Input LOWTime—_—SSS*Y 
[Asynchronous Gear to Registered Output Delay [ 
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Asynchronous Preset to Registered Output Delay ee 
Synchronous Clock to Local Feedback Input!*: =a 
External Synchronous Clock Period (1/(fyraxs)) 


fax External Feedback Maximum Frequency 34.5 22.2 MHz 
(Wtcor + tsi) , 

fuaxe Internal Local Feedback Maximum Frequency, lesser of 55.5 43.4 32.2 MHz 
(1/(tg1 + tor) oF (1/tgo1)*"*! 7 

fMAX3 Data Path Maximum Frequency, lesser of (1/(tw_ + twu)), 62.5 50 40 MHz 
(1/(tg4 + ty)) OF (A/tggy)! 4) 


Maximum Register Toggle Frequency (1/(tyy, +tyy))!* | 62.5 | | 50 | | 40 | | MHz | 
fou | Out Daa Stabe Time om Synchronous Clockinpal™ 77] aT [a | [| me 


Notes: 

16. This frequency indicates the maximum frequency at which the device may operate in data path mode (dedicated input pin to output pin). This assumes data 
input signals are applied to dedicated input pins and no expander logic is used. If any of the data inputs are I/O pins, tgo is the appropriate ts for calculation. 

17. This specification indicates the guaranteed maximum frequency, in synchronous mode, at which an individual output or buried register can be cycled by a 
clock signal applied to the dedicated clock input pin. 

18. This parameter indicates the minimum time after a synchronous register clock input that the previous register output data is maintained on the output pin. 
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Asynchronous Clock Input to Output Delay 


taco2 Asynchronous Clock Input to Local Feedback to Combinatori- 
al Output!'®] 

tast Dedicated put or Feedback Set-Up Time to Asynchronous 4 
Clock Input 


Tawa | Asynchronous Clock input HGH Time™ 
Fam | Asynchronous Clock Input LOW Time”™2 6 
aor | Asynchronous Clock to Local Feedback Input | 


fMAXA External Feedback ween Frequency in Asynchronous 62.5 
Mode (1/(taco + tasi))” 


Maximum Internal Asynchronous Frequency” 71.4 
Data Path Maximum Frequency in Asynchronous Mode!” 83. 
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AXA3 I I 
fMAXA4 Maximum ney reironous Register Toggle Frequency 
) ’ 
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nN 
on 
on 
oi 
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71.4 62.5 55.5 MHz 
1/(tawy + tawL 
Output Data Stable Time from Asynchronous Clock Input!<° p12 9) ge | 


19. This specification is a measure of the delay from an asynchronous register clock input to internal feedback of the register output signal to the input of the LAB 
logic array and then to a combinatorial output. This delay assumes no expanders are used in the logic of combinatorial output or the asynchronous clock input. 
The clock signal is applied to the dedicated clock input pin and all feedback is within a single LAB. This parameter is tested periodically by sampling production 
material. 

20. This parameter is measured with a positive-edge triggered clock at the register. For negative edge triggering, the tay} and tayy_ parameters must be swapped. 
If a given input is used to clock multiple registers with both positive and negative polarity, tayy4 should be used for both tayy and taw_- 

21. This specification is a measure of the delay associated with the internal register feedback path for an asynchronous clock to LAB logic array input. This delay 
plus the asynchronous register set-up time, tasj, is the minimum internal period for an internal asynchronously clocked state machine configuration. This delay is for 
feedback within the same LAB, assumes no expander logic in the clock path, and assumes that the clock input signal is applied to a dedicated input pin. This parameter is 
tested periodically by sampling production material. 

22. This specification indicates the guaranteed maximum frequency at which an asynchronously clocked state machine configuration with external feedback can 
operate. It is assumed that all data inputs, clock inputs, and feedback signals are applied to dedicated inputs and that no expander logic is employed in the 
clock signal path or data path. 

23. This specification indicates the guaranteed maximum frequency at which an asynchronously clocked state machine with internal-only feedback can operate. 
This parameter is determined by the lesser of (1/(tacg + tasy)) Or (1/(tawr + taw_))- If register output states must also control external points, this frequency can still be 
observed as long as this frequency is less than 1/taco}- 


This specification assumes no expander logic is utilized, ali data inputs and clock inputs are applied to dedicated inputs, and all state feedback is within a 
single LAB. This parameter is tested periodically by sampling production material. 

24. This frequency is the maximum frequency at which the device may operate in the asynchronously clocked data path mode. This specification is determined 
by the lesser of 1/(tawy + taw.), /(tas1 + tay) Or 14 ac. It assumes data and clock input signals are applied to dedicated input pins and no expander logic is used. 

25. This specification indicates the guaranteed maximum frequency at which an individual output or buried register can be cycled in asynchronously clocked mode 
by a clock signal applied to an external dedicated input pin. 

26. This parameter indicates the minimum time that the previous register output data is maintained on the output after an asynchronous register clock input applied 
to an external dedicated input pin. 
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Commercial and Industrial External Asynchronous Switching Characteristics Over Operating Range 
7C342B-25 | 7C342B-30 | 7C342B-35 


(continued) 
| Unt 
| 35 | 


36 [ns | 


tacot Asynchronous Clock Input to Output Delay a 
taco2 Asynchronous Clock Input to Local Feedback to Combinatori- 55 
al Output!"9! 
ae _ 


Dedicated | Aput or Feedback Set-Up Time to Asynchronous 
Clock Input 


tase /O Input Set-Up Time to Asynchronous Clock Input 
eat eee 


Parameter 


tay Input Hold Time from Asynchronous Clock Input NG 


tawH Asynchronous Clock Input HIGH Time 
Asynchronous Clock Input LOW Time!” © oe 


+ s 
- 2 
(o>) _ —! PM 
oO £ ©} & 


TAWL | ns | 
tack Asynchronous Clock to Local Feedback Input!* — | 22 | ns | 
A External Asynchronous Clock Period (1/(fyyaxaa))!” Panes | 
IMAXAt External Feedback Maximum Frequency in Asynchronous 33.3 27.7 23.2 MHz 
Mode (1/(tacot + tas)! | bea 
fMAXA2 Maximum Internal Asynchronous Frequency! 80). 33.3 
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Data Path Maximum Frequency in Asynchronous Mode!** 


IMAXA4 Maximum Asynchronous Register Toggle Frequency 50 
At taw. it? 
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LAC Logic Array Control Delay 
Output Buffer and Pad Delay 


Output Buffer Enable Delay 
Output Buffer Disable Delay 
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Notes: 


27. Sample tested only for an output change of 500 mV. 
28. This specification guarantees the maximum combinatorial delay associated with the macrocell register bypass when the macrocell is configured for combi- 
natorial operation. 
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Commercial and Industrial Typical Internal Switching Characteristics Over Operating Range (continued) 


7C342B-12 | 7C342B-—-15 | 7C342B-20 
Parameter Description 
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Asynchronous Preset and Clear Recovery Time 


Programmable Interconnect Array Delay Time 


Commercial and Industrial Typical Internal Switching Characteristics Over Operating Range (continued) 


7C342B-25 | 7C342B-30 | 7C342B-—35 


—_ — — | 1 =) «| 
— | on 
Oo} © 


Parameter Description 
Dedicated Input Pad and Buffer Delay 


I/O Input Pad and Buffer Delay 


tin 
texp Expander Array Delay 
tLap Logic Array Data Delay 
tLac Logic Array Control Delay 
top Output Buffer and Pad Delay 
tz Output Buffer Enable Delay 
tyz Output Buffer Disable Delay 
RH 
tRD 
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CL 
IC 
FD 
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tLATCH Flow Through Latch Delay 
Register Delay 


trsu Register Set-Up Time Relative to Clock Signal at Register 
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t Register Hold Time Relative to Clock Signal at Register 
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Military External Synchronous Switching Characteristics! over Operating Range 


a oo 7C342B-—15 | 7C342B-20 | 7C342B—25 | 7C342B-30 | 7C342B-35 
Parameter Description | Min. j 
Dedicated Input to Combinatori- 
al Output Delay!7] , 
I/O Input to Combinatorial 
Output Delay! 
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Clock Input!” 12] 
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Synchronous Clock Input!7! 
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HIGH Time 
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LOW Time 


Asynchronous Clear Width!* 
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Asynchronous Preset 15 
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Military External Synchronous Switching Characteristics Over Operating Range (continued) 


| 7C342B-15 5 | 7C342B—20 | 7C342B-25 | 7C342B-30 | 7C342B-35 
Parameter Description Min. | Max. | 
fax3 Data Path Maximum Frequency, 40 MHz 
lesser of (1/(tw. + tw 
(1M(tg4 + ta) or ( as 6 


fax4 Maximum Register Miencn 
Frequency (1/(tyy, + tyyy))"* 


Output Data Stable Time Ae 3 
Synchronous Clock Input!*1 


| 7C342B-15 7 | 7C342B-20 | 7C342B-25 | 7C342B-30 | 7C342B-35 
Parameter Description 
taco Poyne enous Clock Input to 
Output Delay!7] 


taco2 Asynchronous Clock Input to 
Local Feedback to Combinatori- 
al Output!'9 


tasi Dedicated Input or Feedback 
Set-Up Time to Asynchronous 
Clock input!7] 


I/O Input Set-Up Time to 
Asynchronous Clock Input!7] 


Input Hold Time from 
Asynchronous Clock Input!7] 
tawH Pye neonos Clock Input 
HIGH Time" 
taWL pay ncurOnOy pices Input 7 
LOW Time!”: 
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Feedback Input!*2 
External Asynchronous Clock 
Period (1/ (faxaa)) 
External Feedback Maximum 
Frequency in pelea 
Mode (1/(taco1 + tasi))!? 
Maximum ae eg lg 2.5 
nous Frequency!*? 


Data Path Maximum ir oy 
in Asynchronous Mode!* 


Maximum Asynchronous 
Register Toggle precuency 
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Asynchronous Clock Input!*-2 
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Military Typical Internal Switching Characteristics Over Operating Range 


7C342B-15 | 7C342B-20 
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‘ttap _| Logic Array Data Delay 
lttac _| Logic Array Control Delay 
ftop _| Output Buffer and Pad Delay 
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tLATCH Flow Through Latch Delay 
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ltcy _| Clock HIGH Time 
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tics Synchronous Clock Delay 
ltep _—_| Feedback Delay 


tpRE Asynchronous Register Preset 
Time: 

toLR Asynchronous Register Clear 
Time 

| tpow Asynchronous Preset and 
Clear Pulse Width | 

tpcr Asynchronous Preset and 
Clear Recovery Time 

tpia Programmable Interconnect 
Array Delay Time 
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Switching Waveforms 
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1/0 INPUT 
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OUTPUT 
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Switching Waveforms (continued) 


Internal Combinatorial 


INPUT PIN 
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tPia 
//O PIN 


EXPANDER 
ARRAY DELAY 


texp 
tLac tLap 
LOGIC ARRAY 
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LOGIC ARRAY 
OUTPUT 
Internal Asynchronous 
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CLOCK PIN 


CLOCK INTO 
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DATA FROM 
LOGIC ARRAY 


REGISTER OUTPUT 
TO LOCAL LAB 
LOGIC ARRAY 


REGISTER OUTPUT 
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Switching Waveforms (continued) 


Internal Synchronous 
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Ordering Information 


Speed Package Operating 
(ns) Ordering Code Name Package Type Range 


CY7C342B—12HC | H81 _| 68-Pin Windowed Leaded Chip Carrier 


CY7C342B-—12JC 68-Lead Plastic Leaded Chip Carrier 
CY7C342B-12RC 68-Pin Windowed Ceramic Pin Grid Array 


: CY7C342B-15HC/HI 


Commercial/ 
Industrial 


68-Pin Windowed Leaded Chip Carrier 
68-Lead Plastic Leaded Chip Carrier 
| R68 68-Pin Windowed Ceramic Pin Grid Array 
H 
H 
H 
H 
R 
H 


CY7C342B-15JC/JI 
CY7C342B—15RC/RI 
68-Pin Windowed Leaded Chip Carrier 


CY7C342B—-15HMB 
68-Pin Windowed Ceramic Pin Grid Array 


12 H81 
J81 
R68 
15 H81 
J81 
R68 
H81 
R68 
20 H81 
R68 
H81 
25 81 
J81 
R68 
H81 
R68 
30 81 
J81 
R68 
81 
R68 
35 81 
J81 
68 
81 
R68 
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Features 


¢ 128 macrocells in 8 LABs 

¢ 8 dedicated inputs, 52 bidirectional I/O pins 

« Programmable interconnect array 

- 0.8-micron double-metal CMOS EPROM technology 
¢ Available in 68-pin HLCC, PLCC, and PGA packages 


Functional Description 


The CY7C342 is an Erasable Programmable Logic Device 
(EPLD) in which CMOS EPROM cells are used to configure 
logic functions within the device. The MAX architecture is 
100% user configurable, allowing the devices to accommodate 
a variety of independent logic functions. 


The 128 macrocells in the CY7C342 are divided into 8 Logic 
Array Blocks (LABs), 16 per LAB. There are 256 expander 
product terms, 32 per LAB, to be used and shared by the mac- 
rocells within each LAB. 


Each LAB is interconnected with a programmable interconnect 
array, allowing all signals to be routed throughout the chip. 


The speed and density of the CY7C342 allows it to be used ina 
wide range of applications, from replacement of large amounts of 
7400-series TTL logic, to complex controllers and multifunction 
chips. With greater than 25 times the functionality of 20-pin PLDs, 
the CY7C342 allows the replacement of over 50 TTL devices. By 
replacing large amounts of logic, the CY7C342 reduces board 
space, part count, and increases system reliability. 


Logic Array Blocks 


There are 8 logic array blocks in the CY7C342. Each LAB con- 
sists of amacrocell array containing 16 macrocells, an expand- 
er product term array containing 32 expanders, and an |/O 
block. The LAB is fed by the programmable interconnect array 
and the dedicated input bus. All macrocell feedbacks go to the 


Selection Guide 


Maximum Access Time (ns) 
Maximum Operating 


Current (mA) 


Industrial 
Military 


Maximum Static 
Current (mA) 


MAX is a registered trademark of Altera Corporation. 
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designs, please refer to the CY7C342B. 


CY7C342 
128-Macrocell MAX® EPLDs 


macrocell array, the expander array, and the programmable 
interconnect array. Expanders feed themselves and the mac- 
rocell array. All 1/O feedbacks go to the programmable inter- 
connect array so that they may be accessed by macrocells in 
other LABs as well as the macrocells in the LAB in which they 
are situated. 


Externally, the CY7C342 provides eight dedicated inputs, one 
of which may be used as a system clock. There are 52 I/O pins 
that may be individually configured for input, output, or bidirec- 
tional data flow. 


Programmable Interconnect Array 


The Programmable Interconnect Array (PIA) solves intercon- 
nect limitations by routing only the signals needed by each 
logic array block. The inputs to the PIA are the outputs of every 
macrocell within the device and the I/O pin feedback of every 
pin on the device. 


Unlike masked or programmable gate arrays, which induce 
variable delay dependent on routing, the PIA has a fixed delay. 
This eliminates undesired skews among logic signals that may 
cause glitches in internal or external logic. The fixed delay, 
regardless of programmable interconnect array configuration, 
simplifies design by assuring that internal signal skews or rac- 
es are avoided. The result is ease of design implementation, 
often in a signal pass, without the multiple internal logic place- 
ment and routing iterations required for a programmable gate 
array to achieve design timing objectives. 


Timing Delays 


Timing delays within the CY7C342 may be easily determined 
using Warp2®, Warp2Sim™ or Warp3® software. The CY7C342 
has fixed internal delays, allowing the user to determine the worst 
case timing delays for any design. For complete timing information 
the Warp3 software provides a timing simulator. 
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Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Coroporation. 
Warp2Sim is a trademark of Cypress Secmiconductor Coroporation. 
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Features 


* 64 MAX macrocells in 4 LABs 
© 8 dedicated inputs, 24 bidirectional I/O pins 
¢ Programmable interconnect array 


¢ 0.8-micron double-metal CMOS EPROM technology 
(CY7C343) 


¢ Advanced 0.65-micron CMOS technology to increase 
performance (CY7C343B) 


¢ Available in 44-pin HLCC, PLCC 
¢ Lowest power MAX device 


Logic Block Diagram 


9 INPUT 
41 INPUT 
12 INPUT 
13 INPUT 


fax id: 6102 


CY7C343 
CY7C343B 


64-Macrocell MAX® EPLD 


Functional Description 


The CY7C343/CY7C343B is a high-performance, high-densi- 
ty erasable programmable logic device, available in 44-pin 
PLCC and HLCC packages. 


The CY7C343/CY7C343B contains 64 highly flexible macrocells 
and 128 expander product terms. These resources are divided into 
four Logic Array Blocks (LABs) connected through the Programma- 
ble Inter-connect Array (PIA). There are 8 input pins, one that dou- 
bles as a clock pin when needed. The CY7C343/CY7C343B 
also has 28 I/O pins, each connected to a macrocell (6 for 
LABs A and C, and 8 for LABs B and D). The remaining 36 
macrocells are used for embedded logic. 


The CY7C343/CY7C343B is excellent for a wide range of both 
synchronous and asynchronous applications. 


INPUT 35 
INPUT/CLK 34 
INPUT 33 
INPUT 31 


DEDICATED 


LABA 


MACROCELL 1 
MACROCELL2 
MACROCELL3 
PIN 
one MACROCELL4 
MACROCELLS5 
MACROCELL6 


MACROCELLS 7- 16 


wee YS 


MACROCELL 17 
MACROCELL 18 
MACROCELL 19 
MACROCELL20 

-__ MACROCELL21 
’___ MACROCELL 22 
- MACROCELL23 
MACROCELL 24 


VO PINS 


MACROCELLS 25- 32 


INPUTS 
SYSTEM CLOCK 


MACROCELL 54 
MACROCELL53 
MACROCELL 52 
MACROCELLS1 
MACROCELL50 
MACROCE 


MACROCELLS57- 64 


I/O PINS 


LAB C 
MACROCELL 38 
MACROCELL 37 
MACROGI 
MACROCELL 35 
MACRO 
MACROCELL 33 


0 PINS 


MACROCELLS39 - 48 


(3, 14, 25,36) LO Voc 
(10, 21, 32,43) [— GND 


MAX is a registered trademark of Altera Corporation. 
Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Coroporation. 
Warp2Sim is a trademark of Cypress Secmiconductor Coroporation. 
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SS CY7C343B 
=e = CYPRESS 
Selection Guide 
7C0343-20 70343-25 7C0343-30 70343-35 
7C343B-20 | 7C343B-25 | 7C343B-30 | 7C343B-35 


Maximum Operating 
Current (mA) 


Maximum Standby 
Current (mA) 


Commercial 


E 
135 
125 
- 200 


Shaded area contains preliminary information. 


dr | reo 5 
7C0343B-12 | 7C343B-15 
[Maximum Access Time(s) |_| 1 | 20 
[Commersar [165 [135 [135 
[wiry [iC 
te 

[wiry [| 


15 
135 
25 
225 
125. 
00 
200 


20 
225 


Pin Configuration HLCC 
Top View 
oO a 
Se°<egepgeVgeFQQQ 
Li Ls Lt 
6 5 4 2 
VO /O 
VO ie) 
INPUT 0 
GND Vcc 
INPUT [1] 41 INPUT 
INPUT INPUT/CLK 
INPUT INPUT 
Voc GND 
VO INPUT 
VO /O 
VO vO 
27 28 
TILICICICICICICICICI oo 
ee<e2zeeeg geese C343-2 
Maximum Ratings DC Program: Voltage iisceic5i0 cites seattle tacks 13.0V 
Static Discharge Voltage...................+5 eae GrG ni date Gegayh >1100V 


(Above which the useful life may be impaired. For user guide- 
lines, not tested.) 


Storage Temperature ..............c:ccccccceeeeeeenens —65°C to+150°C 
Ambient Temperature with 

Power ADDO wsesiicosesessesses accscdseansactawedanuness 0°C to+70°C 
Maximum Junction Temperature 

(OMGST: BIAS) sstuvasevsecenratinnasedssbacsvuatiect a Vesvvoncbedutnletextoaeets 150°C 
Supply Voltage to Ground Potential ................ —2.0V to+7.0V 
Maximum Power Dissipation ..............cscccccsecseeeeeeees 2500 mW 
DC Voc Or GND Current... eee eee eeeeeeeeeeeeeeneeees 500 mA 
DC Output Current, per Pin.................0 —25 mA to +25 mA 
DC Input Voltage! oo. eeceesesesesseseseseeees ~3.0V to +7.0V 


(per MIL-STD-883, method 3015) 


Operating Range 
Ambient 


0°C to +70°C BV +5% 
~—40°C to +85°C 5V +10% 
Military —55°C to +125°C (Case) 5V +10% 


Note: 


1. Minimum DC input is -0.3V. During transitions, the inputs may undershoot 
to —2.0V for periods less than 20 ns. 
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Electrical Characteristics Over the Operating Range! 


Output HIGH Voltage Voc = Min., loy =—-4.0 mA 
Output LOW Voltage Voc = Min., lo. = 8 MA 


Max 


i) 


I 
o|! 
(Se) 


‘pS 


0.45 
Voect0.3 


Vin inputHiGHLevel | 
Mi inputLowLevel | 
GND<VinsVoo 


— 
oO 


+ 
+40 


Output Leakage Current Vo = Vec or GND ; 
Output Short Circuit Current | Voc = Max., Voy = 0.5V'* 4 


loci Power Supply Current Vi = Voc or GND Commercial 
(Standby) (No Load) Military/Industrial 
loce Power Supply Current!® Vi=Vec or GND (No Load) | Commercial 
PO Mn Military/Industrial 
tr Recommended Input Rise 
Time 
te Recommended Input Fall 
Time 


Capacitance™® 


Test Conditions [Max 


2.2 
—10 
—40 
~30 
125 
200 
135 
225 
100 


> 


100 


AC Test Loads and Waveforms 


R1464Q R1464Q 


a oe ALLINPUTPULSES 
OUTPU OUTPU , [a 
50 pF R2 5 pF R2 
it 2500 ie 2500 
INCLUDING — es INCLUDING — = — 
JIGAND ~— . JIGAND ~ ~ 
SCOPE SCOPE C343-3 C343-4 
(a), (b) | 
Equivalent to: THEVENIN EQUIVALENT(commercial/military) 
1630 — 


OUTPUT 0———wn—-————— _ 1.75V 


Notes: 
2. Typical values are for T, = 25°C and Voc = SV. 6. Part (a) in AC Test Load and Waveforms is used for all parameters except 
3. Not more than one output should be tested at a time. Duration of the short teR and tyz, which is used for part (b) in AC Test Load and Waveforms. All 
circuit should not be more than one second. Voyt = 0.5V has been chosen external timing parameters are measured referenced to external pins of the 
to avoid test problems caused by tester ground degradation. device. 


4. Guaranteed but not 100% tested. 
5. Measured with device programmed as a 16-bit counter in each LAB. This 
parameter is tested periodically by sampling production material. 
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Programmable Interconnect Array 


The Programmable Interconnect Array (PIA) solves intercon- 
nect limitations by routing only the signals needed by each 
logic array block. The inputs to the PIA are the outputs of every 
macrocell within the device and the I/O pin feedback of every 
pin on the device. 


Unlike masked or programmable gate arrays, which induce 
variable delay dependent on routing, the PIA has a fixed delay. 
This eliminates undesired skews among logic signals, which 
may cause glitches in internal or external logic. The fixed delay, 
regardless of programmable interconnect array configuration, 
simplifies design by ensuring that internal signal skews or rac- 
es are avoided. The result is simpler design implementation, 
often in a single pass, without the multiple internal logic place- 
ment and routing iterations required for a programmable gate 
array to achieve design timing objectives. 


Timing Delays 


Timing delays within the CY7C343/CY7C343B may be easily 
determined using Warp2®, Warp2Sim™ or Warp3® software or 
by the model shown in Figure 1. The CY7C343/CY7C343B has 
fixed internal delays, allowing the user to determine the worst case 
timing delays for any design. For complete timing information, the 
Warp3 software provides a timing simulator. 


Design Recommendations 


Operation of the devices described herein with conditions 
above those listed under “Absolute Maximum Ratings” may 
cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any 
other conditions above those indicated in the operational sec- 
tions of this data sheet is not implied. Exposure to absolute 
maximum ratings conditions for extended periods of time may 
affect device reliability. The CY7C343/CY7C343B contains cir- 
cuitry to protect device pins from high static voltages or electric 
fields; however, normal precautions should be taken to avoid 
applying any voltage higher than maximum rated voltages. 


For proper operation, input and output pins must be con- 
strained to the range GND < (Vn Or Voy) < Voc. Unused inputs 
must always be tied to an appropriate logic level (either Voc or GND). 
Each set of Voc and GND pins must be connected together directly 
at the device. Power supply decoupling capacitors of at least 0.2 LF 
must be connected between Voc and GND. For the most effective 
decoupling, each Vcc pin should be separately decoupled to GND, 
directly at the device. Decoupling capacitors should have good fre- 
quency response, such as monolithic ceramic types. 
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Timing Considerations 


Unless otherwise stated, propagation delays do not include 
expanders. When using expanders, add the maximum ex- 
pander delay teyp to the overall delay. Similarly, there is an additional 
tp), delay for an input from an I/O pin when compared to a signal from 
a straight input pin. 


When calculating synchronous frequencies, use ts, if all inputs 
are on the input pins. tg> should be used if data is applied at an I/O 
pin. If tgo is greater than tco1, 1/tg2 becomes the limiting frequency in 
the data path mode unless 1/(tyyy + ty) is less than 1Agpo. 


When expander logic is used in the data path, add the appro- 
priate maximum expander delay, teyp to ts,. Determine which of 
(tw + tw), 14601, or 1/(texp + ts1) is the lowest frequency. The 
lowest of these frequencies is the maximum data path frequency for 
the synchronous configuration. 


When calculating external asynchronous frequencies, use tas; 
if all inputs are on dedicated input pins. If any data is applied to an I/O 
pin, tase must be used as the required set-up time. If (tags + tay) is 
greater than taco , 1(tase + tay) becomes the limiting frequency in 
the data path mode unless 1/(tayy + tay) iS less than 1/(taso + tay). 


When expander logic is used in the data path, add the appro- 
priate maximum expander delay, texp to tas;. Determine which of 
T/(tawy + tawt), 1Aaco1, OF 1(texp + tas;) is the lowest frequency. 
The lowest of these frequencies is the maximum data path frequency 
for the asynchronous configuration. 


The parameter to, indicates the system compatibility of this device 
when driving other synchronous logic with positive input hold times, 
which is controlled by the same synchronous clock. If toy is greater 
than the minimum required input hold time of the subsequent syn- 
chronous logic, then the devices are guaranteed to function properly 
with a common synchronous clock under worst-case environmental 
and supply voltage conditions. 


The parameter taop indicates the system compatibility of this device 
when driving subsequent registered logic with a positive hold time 
and using the same clock as the CY7C343/CY7C343B. 


In general, if tagy is greater than the minimum required input hold 
time of the subsequent logic (synchronous or asynchronous), then 
the devices are guaranteed to function properly under worst-case en- 
vironmental and supply voltage conditions, provided the clock signal 
source is the same. This also applies if expander logic is used in the 
Clock signal path of the driving device, but not for the driven device. 
This is due to the expander logic in the second device's clock signal 
path adding an additional delay (teyp), causing the output data from 
the preceding device to change prior to the arrival of the clock signal 
at the following device’s register. 


== CYPRESS YC 3438 


REGISTER 


OUTPUT 


INPUT INPUT/ 
> OUTPUT 
<> 
LOGIC ARRAY 
DELAY 


tLaD 


Hi SYSTEM CLOCK DELAY tics 
= 


FEEDBACK 
DELAY 


teD 


1/0 DELAY 


tio C343-5 


Figure 1. CY7C343/CY7C343B Internal Timing Model 
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External Synchronous Switching Characteristics Over Operating Range 


70343-12 7C343-15 | 7C343-20 

7C343B-12 7C343B-15 7C343B-20 
Dedicated Input to Combinatorial Com’! /Ind 12 15 20 ns 
pederted inp! ee a ee ee 


eee ey a ee 
oo 4 32 


aa ae to Combinatorial Output Com’! /Ind 20 ek cian ee ns 
Pa 

Dedicated Input to Combinatorial Com’! /Ind Le 23 aaa 30 

Output Delay with Expander Delay! | || 30 

V/O Input to Combinatorial Qutput Com'l /Ind | | ee a 


Delay with Expander Delay 


Input to Output Enable Delay!* 7! Com't /Ind 


Input to Output Disable Delay!* 71 Com'l /Ind 
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tea 
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Synchronous Clock Input to Output Com’! /Ind 
Delay 


Synchronous Clock to Local Feedback | Com’! /Ind 
to Combinatorial Output!* 1! 


Dedicated Input or Feedback Set-Up | Com’! /Ind 
Time to Synchronous Clock Input!7] 


=" 
©) 


I/O Input Set-Up Time to Synchronous | Com’! /Ind ae 

Input Hold Time from Synchronous Com’! /Ind 

Clock Input!7! 

Synchronous Clock Input HIGH Time | Com’l/Ind | 4. 

Synchronous Clock Input LOW Time | Com’I/Ind | 4.5 
taw Asynchronous Clear Width! 7! Com'l/Ind | 12 


Asynchronous Clear Recovery Com’ /Ind | 12 
Timel* 71 
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External Synchronous Switching Characteristics Over Br Operating ae comme) 
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cats 


Description 


Synchronous ( Clock to Local Feed- Com’! /Ind 
back Input!* 18 feo ina 


External Synchronous Clock Period | Com'I/Ind |. 


ica Ca 
External Maximum Frequency Com'l /Ind |: 71. 58. Beane 
(1/(tco1 + ts1)) Ca ae _—__—_+—___ 

Bis Has 2 OBB de 41.6 


Internal Local Feedback Maximum | Com’/Ind | 90: 


Data Path Maximum Frequency, least | Com’l/Ind | 11 


of 1/(tyy, + ty), toy +t 
oS iC 


Maximum Hepietet Toggle Frequency | Com’! /Ind 


(1/ (tyyL-ttyyy)) fai 


Output Data Stable Time from Syn- 


naa lesser of (1/(tgy +t¢f)) or miami —— _ 3 ae 
(Atco)! Cia Sid aee ct 


chronous Clock Input! 18] 


Asynchronous Preset Width! 7] 


Shaded area contains preliminary information. 
Notes: 


7. This specification is a measure of the delay from input signal applied to a dedicated input (44-pin PLCC input pin 9, 11, 12, 13, 31, 33, 34, or 35) to combinatorial 
output on any output pin. This delay assumes no expander terms are used to form the logic function. When this note is applied to any parameter specification 
it indicates that the signal (data, asynchronous clock, asynchronous clear, and/or asynchronous preset) is applied to a dedicated input only and no signal path 
(either clock or data) employs expander logic. If an input signal is applied to an I/O pin, an additional delay equal to tp;, should be added to the comparable delay 
for a dedicated input. If expanders are used, add the maximum expander delay te xp to the overall delay for the comparable delay without expanders. 

8. This specification is a measure of the delay from input signal applied to an !/O macrocell pin to any output. This delay assumes no expander terms are used 
to form the logic function. 

9. This specification is a measure of the delay from an input signal applied to a dedicated input (44-pin PLCC input pin 9, 11, 12, 13, 31, 33, 34, or 35) to 
combinatorial output on any output pin. This delay assumes expander terms are used to form the logic function and includes the worst-case expander logic 
delay for one pass through the expander logic. This parameter is tested periodically by sampling production material. 

10. This specification is a measure of the delay from an input signal applied to an I/O macrocell pin to any output. This delay assumes expander terms are used 
to form the logic function and includes the worst-case expander logic delay for one pass through the expander logic. This parameter is tested periodically by 
sampling production material. 

11. This specification is a measure of the delay from synchronous register clock to internal feedback of the register output signal to the input of the LAB logic array 
and then to a combinatorial output. This delay assumes no expanders are used, register is synchronously clocked and all feedback is within the same LAB. 
This parameter is tested periodically by sampling production material. 

12. If data is applied to an I/O input for capture by a macrocell register, the I/O pin set-up time minimums should be observed. These parameters are tgo for 
synchronous operation and tas» for asynchronous operation. 


- 13. This specification is a measure of the delay associated with the internal register feedback path. This is the delay from synchronous clock to LAB logic array 
input. This delay plus the register set-up time, tg1, is the minimum internal period for an internal synchronous state machine configuration. This delay is for feedback within 
the same LAB. This parameter is tested periodically by sampling production material. 

14. This specification indicates the guaranteed maximum frequency, in synchronous mode, at which a state machine configuration with external feedback can 
operate. It is assumed that all data inputs and feedback signals are applied to dedicated inputs. 

15. This specification indicates the guaranteed maximum frequency at which a state machine, with internal-only feedback, can operate. If register output states 
must also control external points, this frequency can still be observed as long as this frequency i is less than 1/toQ}. All feedback is assumed to be local, originating 
within the same LAB.. 

16. This frequency indicates the maximum frequency at which the device may operate in data path mode. This delay assumes data input signals are applied to 
dedicated inputs and no expander logic is used. 

17. This specification indicates the guaranteed maximum frequency, in synchronous mode, at which an individual output or buried register can be cycled. 

18. This parameter indicates the minimum time after a synchronous register clock input that the previous register output data is maintained on the output pin. 
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External Synchronous Switching Characteristics ® Over Operating Range (continued) 
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Description 
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External Synchronous Switching Characteristics ® Over Operating Range (continued) 
. 70343-25 70343-30 70343-35 
7C0343B-25 7C0343B-30 70343B-35 
Parameter Description | | Min. 
fax External Maximum baa _ | Com’I/ Ind 
dies eee 
fuaxe Internal Local Feedback Maximum Com'I /Ind 
Frequency, lesser of (1/(ts + ter)) or 
Iteo1) 
Data Path Maximum Frequency, least | Com’! /Ind 
of UW tyy, + wn); 1(tgy + ty), or 625 
teorS eae 
fax Maximum Register Toggle Frequency | Com’I/Ind 
(an mi | 25 | 
tou Output Data Stable ee Syn- | Com’l/ Ind 
chronous Clock Input'® Mi | 8 | 
tow Asynchronous Preset Width 7 Com’I/ Ind 
Mi | 25 
Asynchronous Clock Input to Output | Com’/ Ind |< 
taco2 Asynchronous Clock Input to Local ie a “20 
Feedback to Combinatorial 7 
Dedicated Input or Feedback Set-Up Com’I/ Ind ae 
Time to Asynchronous Clock Input amis 
V/O input Set-Up Time to Asynchro- | Com'i/Ind mae ae 
nous Clock Input | [Mi 
tay Input Hold Hime from Asynchronous | Com’l/ Ind ; 
Clock Input 
Asynchronous Clock Input HIGH Com’ /ind |. 
ie Mil | 
Asynchronous Clock Input LOW Com Ind | 
(4, 24] es 


eh | ek ak] ok 
mB | ck GW) WG] NM] NM 
GG} oo NO} MO] Oo] © 


Notes: 

19. This specification is a measure of the delay from an asynchronous register clock input to internal feedback of the register output signal to the input of the LAB 
logic array and then to a combinatorial output. This delay assumes no expanders are used in the logic of combinatorial output or the asynchronous clock input. 
The clock signal is applied to a dedicated input pin and ail feedback is within a single LAB. This parameter is tested periodically by sampling production material. 

20. This parameter is measured with a positive-edge triggered clock at the register. For negative edge triggering, the tayy and tay, parameters must be swapped. If 
a given input is used to clock multiple registers with both positive and negative polarity, tayy,4 should be used for both tayy and tay. 

21. This specification is a measure of the delay associated with the internal register feedback path for an asynchronous clock to LAB logic array input. This delay 
plus the asynchronous register set-up time, tasj, is the minimum internal period for an internal asynchronously clocked state machine configuration. This delay is for 
feedback within the same LAB, assumes no expander logic in the clock path, and assumes that the clock input signal is applied to a dedicated input pin. This parameter is 
tested periodically by sampling production material. 
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External Asynchronous Switching Characteristics Over Operating Range! (continued) 


70343-12 7C343-15 
7C0343B-12 7C343B-15 
Parameter 


Description 


TMAXA External Maximum Frequency in 


Asynchronous Mode 
1(tacor + tasi) 


fuaxag Maximum Internal Asynchronous 
Frequency 2] 

fMAXA3 Data Path Maximum frequency in 
Asynchronous Model*: 


fMaxa4 Maximum Asynchronous Register 
Toggle Frequenc 
1/(tawe + tawL) 25 

Shaded area contains advanced information. 


External Asynchronous Switching Characteristics Over Operating Range!“ 


70343-30 70343-35 
Output Data Stable Time from Asyn- | Com'I/ Ind 
chronous Clock Input” Mil 


7C343B-30 7C0343B-35 
Asynchronous Clock Input to Output | Com’l/ Ind 


O1; GD] @ 
a, a; on 


Pay Ci 
tacos Asynchronous Clock Input to Local Com’I/ Ind 
Feedback to Combinatorial aman 


Dedicated Input or Feedback cede Com’I/ Ind 


Time to Asynchronous Clock Input Mil 


I/O Input Set-Up Time to Asynchro- Com’l/ Ind 2 
nous Clock Input 


Input Hold Time from Asynchronous | Com’I/ Ind 


Clock Input!7] Mit 
Com’!/ Ind 


O1 
ol 


var 


Asynchronous Clock to Local Feed- | Com’l/ Ind 


Paes mi | 


External Asynchronous Clock Period | Com’l/ Ind 


ee. [Mit 


NO} Nh 
RO} PO 
~ 
EE 


operate. It is assumed that all data inputs, clock inputs, and feedback signals are applied to dedicated inputs, and that no expander logic is employed in the 


clock signal path or data path. 
23. This specification indicates the guaranteed maximum frequency at which an asynchronously clocked state machine with internal-only feedback can operate. 


This parameter is determined by the lesser of (1/tacg + tasy)) or (1/(tawy Haw_)). If register output states must also control external points, this frequency can still be 
observed as long as this frequency is less than 1Agco}. 

24. This frequency is the maximum frequency at which the device may operate in the asynchronously clocked data path mode. This specification is determined 
by the least of 1/(tawy + taw ); 1/tasi + tay) Or 1Aaco}. It assumes data and clock input signals are applied to dedicated input pins and no expander logic is used. 

25. This specification indicates the guaranteed maximum frequency at which an individual output or buried register can be cycled in asynchronously clocked mode 


by a clock signal applied to an external dedicated input pin. 
26. This parameter indicates the minimum time that the previous register output data is maintained on the output after an asynchronous register clock input. 
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External Asynchronous Switching Characteristics Over Operating Range! (continued) _ 


: 70343-25 70343-30 7C0343-35 
70343B-25 7C343B-30 70343B-35 


Parameter Description 


frraxas Maximum Internal Asynchronous Com’ ind | 50 | 
aischeds Mil | 80 


Data Path Maximum Frequency in |Com’l/ Ind / Ind | 40 | 
a Asynchronous Model: a mir «it~ 40 
Maximum Asynchronous Register, ._ | Com’l/ Ind | 50 | 
Toggle Frequency 1/(tawy + tawr)! 125] Ci oe 
t Output Data Stable Time from Asyn- | Com'l/ Ind | Ind | 15 | 
oe chicnous Clock Inpul? 2 eorgs 


MAXA External Maximum Frequency in Com’I/ Ind 
Asynchronous Mode 
(4, 22] 3 
1/(tacor + tasi)” 
5 
5 
4 
5 


3 
3 
0 
0 
0 
0 
5 
5 


=" 
x 
R 


7C0343-15 


| 7C343-20 
 10343B-15 . 


7C343B-20 


Parameter Description 


t Dedicated Input Pad and Buffer Delay | Com’! / Ind 
t I/O Input Pad and Buffer Delay Com’!/ Ind 
texp Expander Array Delay Com’ Ind | 


: 
aa 
Oc igna a egis er | 
: 
ignal at Register Neer ae: 35° 
tLATCH Flow-Through Latch Delay = s ot as emearass 


tap Register Delay Com’/ Ind | cor Care ene ea ser a 


tcoup _ | Transparent Mode Delay'® Com’I/ Ind ee et i 


Shaded area contains advanced information. 


IN 
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LAD 
LAC 
ZX 
XZ 
RH 
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Internal Switching Characteristics Over Operating Range! (continued) 
70343-12 70343-15 70343-20 
7C0343B-12 7C343B-15 7C343B-20 


Asynchronous Clock Logic Delay Com’I/ Ind 


NO 


Mi 
Mil 
Com’!/ Ind 
Mil 
Com’I/ In 


Dod 

2 

ae 

aan 

ae 
3 


Oo}, oO 


° 


a 
i 
son 
[conivind | [08 
sae 
iat] 
Sea] 


1 


—k —h, —, mk, 


— 
oO; © 


Shaded area contains preliminary information. 
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Internal Switching Characteristics Over Operating Range! (continued) 


70343-25 
7C343B-25 
Parameter Description 
trsu Register Set-Up Time Relative to Com’l/ Ind 
Clock Signal at Register 
tr Register Hold Time Relative to Clock | Com’l/ Ind 
Signal at Register 


7C0343-30 70343-35 
70343B-30 70343B-35 


ae es  « 
oO; Oo] CO] © 


1 


: : 
tot 


12.5 
12.5 
12.5 
12.5 


Cc 


tcLR Asynchronous Register Clear Time Com /Ind 


Asynchronous Preset and Clear Pulse | Com’! /Ind 
Width 


tpcr Asynchronous Preset and Clear Re- | Com’l/ ind 
covery Time 


— 
£& 


N 
io) 


2 ook =k 


— 
aS 


Programmable Interconnect Array De- | Com’I/ Ind 
lay Time 


ah, —_ —_h, 


- 


_ - 
> 3 
> 

= 


Notes: 


27. Sample tested only for an output change of 500 mV. ; 
28. This specification guarantees the maximum combinatorial delay associated with the macrocell register bypass when the macrocell is configured for combina- 
torial operation. 
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Switching Waveforms 
External Combinatorial 
DEDICATED INPUT/ 
1/0 INPUT 
COMBINATORIAL 
OUTPUT 
COMBINATORIAL OR HIGH-IMPEDANCE 
REGISTERED OUTPUT THREE-STATE 
en 
HIGH-IMPEDANCE 
BeRELESTATE VALID OUTPUT 
C343-6 
External Synchronous 
DEDICATED INPUTS OR 
REGISTERED FEEDBACK 
ts1 tH tWH twe 
tcor taw/itpw tar/tpR 
C343-7 


SYNCHRONOUS 
CLOCK 
tou 
TT Pk te 
XK DD 


ASYNCHRONOUS 
CLEAR/PRESETI7] 
REGISTERED 
OUTPUTS A \ 
}+~—_—____-— tco2 


COMBINATORIAL OUTPUT FROM 


REGISTERED FEEDBACK"1] 
External Asynchronous 
DEDICATEDINPUTSOR 
REGISTERED 
FEEDBACK 7 ] 
ASYNCHRONOUS 
CLOCK INPUT 
ACO 
tawtew trrtpr 
ASYNCHRONOUS taon Paes | 
CLEAR/PRESET/7] 
TT Pb wove 
XK 
ZN 
}~—_____—_— taco2 


ASYNCHRONOUS REGISTERED 
OUTPUTS 


COMBINATORIALOUTPUTFROM 
ASYNCH. REGISTERED FEEDBACK 
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Switching Waveforms (continued) 


Internal Combinatorial 


INPUT PIN 
tPIA 


tio 
texp 
tac tLaD 


EXPANDER 
ARRA DELAY 


LOGIC ARRAY 
INPUT 


LOGIC ARRAY 
OUTPUT 


Internal Asynchronous 
tR 
CLOCK PIN 


CLOCK INTO 
LOGIC ARRAY 


CLOCK FROM 
LOGIC ARRAY 
DATA FROM 
LOGIC ARRAY 
tapttatcH >< tep tcLatpReE —>k<- trp 
REGISTER OUTPUT 


TO LOCAL LAB 
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Switching Waveforms (continued) 


/ 


Internal Synchronous 
tcH 


SYSTEM CLOCK PIN 


SYSTEM CLOCK 
AT REGISTER 
tRH 
C343-12 


tRsu 


LOGIC ARRAY 


Output Mode 

CLOCK FROM 

LOGIC ARRAY WK A / \ 
tap f= top 


txz t2x 


HIGH IMPEDANCE 


DATA FROM 
LOGIC ARRAY 
C343-1° 


OUTPUT PIN 


< 
Y PRESS 


Ordering Information 


; 


ll 
() 


ET 
“ae 


Package 
Ordering Code Name Package Type 


7. | 44-Pin Windowed Leaded Chip Carrier | 
S ot 44-Lead Plastic Leaded Chip Carrier ~ | 
467 | 44-Pin Windowed Leaded Chip Carr 
167: 44-Lead Plastic Leaded Chip Carrier J 


SY7C343B-12HC/HI | 


CY7C343B-12JC/I 
CY7C343B-15/C/I | 


CY7C343B-25JC/J1 


CY7C343B-35HMB 


Shaded area contains preliminary information. 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


DC Characteristics 


Document #: 38-00128-G 


| /CY7C343-20)CN | | Je7 Je7 
67. | 44-Lead Plastic Leaded Chip Ca 


44-Pin Windowed Leaded Chip Carrier 

44-Pin Windowed Leaded Chip Carrier 

3498-251 j67 | é-Lead Plastic Leaded Chip Carrier — 

30 44-Pin Windowed Leaded Chip Carrier 
ee (3 aes 


CY7C343-25JC/JI 
CY703438-25HCIAT 


44-Lead Plastic Leaded Chip Carrier 
Her 


CY7C343 
CY7C343B 


Operating 
Range 


Commercial/industrial 


iaV/industrial_ 


Miltay SOS 
Commercial/Industrial 


Commercial/Industrial 


Commercial/Industrial 


Subgroups 


fig | 7, 8, 9, 10, 11 


a 7,8, 9,10, 11 
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32-Macrocell MAX® EPLD 


Features the densest EPLD of this size. Eight dedicated inputs and 16 
bidirectional I/O pins communicate to one logic array block. In 
¢ High-performance, high-density replacement for TTL, the CY7C344 LAB there are 32 macrocells and 64 expander 


74HC, and custom logic product terms. When an I/O macrocell is used as an input, two 
¢ 32 macrocells, 64 expander product terms in one LAB expanders are used to create an input path. Even if all of the 
* 8 dedicated inputs, 16 I/O pins 1 Be are driven 4 tical dedi ee seein 16 
: “buried” registers available. All inputs, macrocells, an pins 

° (CvIC3ad) Gouble-metal CMOS EPROM technology are interconnected within the LAB. 
- Advanced 0.65-micron CMOS EPROM technology to The speed and density of the CY7C344/CY7C344B makes it 
increase performance (CY7C344B) a natural for all types of applications. With just this one device, 
+ 28-pin 300-mil DIP, cerDIP or 28-pin HLCC, PLCC the designer can implement complex state machines, regis- 
package tered logic, and combinatorial “glue” logic, without using mul- 
tiple chips. This architectural flexibility allows the 
Functional Description CY7C344/CY7C344B to replace multichip TTL solutions, 


whether they are synchronous, asynchronous, combinatorial, 
Available in a 28-pin 300-mil DIP or windowed J-leaded ceram- or all three. 
ic chip carrier (HLCC), the CY7C344/CY7C344B represents 


Pin Configurations 
HLCC 


Logic Block Diagram"! 


15(22) INPUT DO OM INPUT 1(8) Top View 
15(23) INPUT INPUT/CLK 2(9 z 

paar ieee : : g 
27(6) INPUTO es INPUT 13(20) = 
28(7) INPUTO os O) INPUT 14(21) 


VO 3(10) 
vO  4(11) 
VO 5(12) 
VO 6(13) 
VO 9(16) 


[MACROCELL 6 > [—Macrocett7 bem] 0 
Pwacroceu 10 hem] © fem{—wacroceica > 
Beep baked ae 


MACROCELL 12 Bead mes MACROCELL 11 — VO 10(17) 
MACROCELL 14 ising raed MACROCELL 13 VO 11(18) 


VO 12(19) 
VO 17(24) 
VO 18(25) 
VO 19(26) 
VO 20(27) 
VO 23(2) 
VO 24(3) 
VO  25(4) 
VO 26(5) 


[MACROCELL 15 
<>| MACROCELL 7 _ > 
<->|_wacrocett 19> 
<>] MACROCELL 21 fem 
<> | MACROCELL 25 fem 
<-> | MACROCELL 25 em 
<-> | MACROCELL 27 [oem 
Eee! MACROCELL 29 peal 
peed Ee eral 


[MACROCELL 16 bam 
[—MAGROCELL 20 fa 
[MACROGELL 22 eo 
[MACROCELL 24 fem 
[MACROGELL 26 > 
[MACROCELL 28 eo 
[MACROCELL 30 ba 
[MACROCELL 92 je 


rFowaAZzOO 


MACROCELL 2 ee pe{_MAGROGELET oem 
MACROCELL 4 MACROCELL 3 
MACROCELL6 ep 3 <>} MACROCELLS em] 

O 

B 

A 

L 

B 

U 

S 


Selection Guide 


ee 


Maximum Access Time (ns) 
Maximum 
Operating rMitary 


Current (mA) 
LL el 
FC ae aes 


Shaded area contains preliminary information. : 
Note: 
1. Numbers in () refer to J-leaded packages. 


Maximum Standby 
Current (mA) 
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S35 75 parce CY7C344B 
Maximum Ratings | | | DC Output Current, per Pin uu... ~25 mA to +25 mA 

: Ee yah ores acetate ~3.0V to +7.0V 
(Above which the useful life may be impaired. For user guide- Er lnput Volade aves 
lines, not tested.) DC Program Voltage .............:cccsccceceeessessseeeeeeeeeeeeseeees +13.0V 
Storage Temperature ............0.... stitesteteeeee 69°C to +150°C 


Operating Range 


Ambient Temperature with ee : 
Power Applied ......c.ccccessscccssesesessssssesesecesesesearees 0°C to +70°C Ambient | 
; Range Temperature Vec 
Maximum Junction Temperature (Under Bias)............. 150°C ; 
S ’ Voltage to Ground Potential 2.0V to +7.0V pene as 
oltage Ou | eee ee —2. +7. 
sais = ie Bicdingiien 4500 mW Industrial ~ —40°C to +85°C 5V +10% 
aximu Wer Dissipation ...............c:cscsseseeeeeeeees 
: Military —55°C to +125°C (Case) 5V +10% 
DC Voc or GND Current... ee eeeeeeesteeteseeeeeeeeneeees 500 mA 
Static Discharge Voltage 
(per MIL-STD-883, Method 3015)..............:::::ceeeeee >2001V 


Electrical Characteristics Over the Operating Range!) 


Test Gonaltions 


Input Current GND < Vin Ss Vec 
‘loz __| Output Leakage Current Vo = Vec or GND 
Output Short Circuit Current | Voc = Max., Vout = 0.5V"* -30 | -90 | mA | 


loct Power Supply V, = Voc or GND (No Load) 
Current (Standby) | Military/Industrial 


[780 
aca | Power Supoly Curent] i= Ve oF BND Wo Load) [Commerc | | 200 mA 
f= 1.0 MHz Military/industrial | |= 220,—|s mA | 


Capacitance | | 


[Parameter Description | Test Conditions 


Vn _[hputlowtee! | SCSCSCS~SCSCSCSCSCS HOT 


Input Capacitance Vin = 2V, f = 1.0 MHz 
Output Capacitance Vout = 2-0V, f = 1.0 MHz 


AC Test Loads and Waveforms"! 
R1464Q R1 464Q 


BV 5V 
OUTPUT OUTPUT 
50 pF R2 5 pF Re 
| 2502, | 250 
-INCLUDINGSE = —L a 
JIGAND ~ ~ i 7 
_ SCOPE (a) (b) C344—4 C344-5 


Equivalent to: THEVENIN EQUIVALENT (commercial/military) 


163Q 
OUTPUT own 1.75 V 


C344-6 
Notes: 
2. Minimum DC input is —0.3V. During transitions, the inputs may undershoot to —2.0V for periods less than 20 ns. 
3. Typical values are for Ty = 25°C and Voc = BV. 
4. Guaranteed by design but not 100% tested. 
5. Notmore than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyt = 0.5V has been chosen to avoid 
test problems caused by tester ground degradation. 
6. Measured with device programmed as a 16-bit counter. 
7. Part (a) in AC Test Load and Waveforms is used for all parameters except ter and txz, which is used for part (b) in AC Test Load and Waveforms. All external timing 


parameters are measured referenced to external pins of the device. 
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Timing Delays 


Timing delays within the CY7C344/CY7C344B may be easily 
determined using Warp2®, Warp2Sim™, or Warp3® software or 
by the model shown in Figure 1. The CY7C344/CY7C344B has 
fixed internal delays, allowing the user to determine the worst case 
timing delays for any design. For complete timing information, the 
Warp3 software provides a timing simulator. 


Design Recommendations 


Operation of the devices described herein with conditions 
above those listed under “Absolute Maximum Ratings” may 
Cause permanent damage to the device. This is a stress rating 
only and functional operation of the device at these or any other 
conditions above those indicated in the operational sections of 
this datasheet is not implied. Exposure to absolute maximum 
ratings conditions for extended periods of time may affect de- 
vice reliability. The CY7C344/CY7C344B contains circuitry to 
protect device pins from high-static voltages or electric fields; 
however, normal precautions should be taken to avoid applying 
any voltage higher than maximum rated voltages. 


For proper operation, input and output pins must be con- 
strained to the range GND < (VIN or VOUT) < VCC. Unused inputs 
must always be tied to an appropriate logic level (either VCC or GND). 
Each set of VCC and GND pins must be connected together directly 
at the device. Power supply decoupling capacitors of at least 0.2 uF 
must be connected between VCC and GND. For the most effective 
decoupling, each VCC pin should be separately decoupled. 


Timing Considerations 


Unless otherwise stated, propagation delays do not include 
expanders. When using expanders, add the maximum ex- 
pander delay teyp to the overall delay. 


When calculating synchronous frequencies, use ts, if all inputs 
are on the input pins. ts> should be used if data is applied at an I/O 
pin. If tso is greater than tco1, 1/tg2 becomes the limiting frequency 
in the data-path mode unless 1/(tyw}4 + ty) is less than 1/tgo. 


——>| EXPANDE R ia 


DELAY 
t EXP 


| »l LOGIC ARRAY 
|} | |) 6AICONTROLDELA 
INPUT = BE 
> 


/O 
/O DELAY 
tio 


/O 


CLOCK 
DELAY 
tic 


LOGIC ARRAY te 
DELAY tzx 
Rares {LAD 
ti CLOCK DELAYtics 


CY7C344 
CY7C344B 


When expander logic is used in the data path, add the appro- 
priate maximum expander delay, texp to tg,. Determine which of 
1(twu + tw), 1Aco7, or 1texp + tg1) is the lowest frequency. The 
lowest of these frequencies is the maximum data-path frequency for 
the synchronous configuration. 


When calculating external asynchronous frequencies, use 
tasi if all inputs are on dedicated input pins. If any data is applied to 
an I/O pin, taso must be used as the required set-up time. If (taso + 
tay) is greater than taco;, 1/(tase + tay) becomes the limiting fre- 
quency in the data-path mode unless 1/(tayy + tay ) is less than 
1 tase + tan): 

When expander logic is used in the data path, add the appro- 
priate maximum expander delay, texp to tas;. Determine which 
of 1/(tawH +tawz); 14aco1, OF 1texp + tas) is the lowest frequency. 
The lowest of these frequencies is the maximum data-path frequency 
for the asynchronous configuration. 


The parameter toy indicates the system compatibility of this device 
when driving other synchronous logic with positive input hold times, 
which is controlled by the same synchronous clock. If toy is greater 
than the minimum required input hold time of the subsequent syn- 
chronous logic, then the devices are guaranteed to function properly 
with a common synchronous clock under worst-case environmental 
and supply voltage conditions. 


The parameter taox indicates the system compatibility of this de- 
vice when driving subsequent registered logic with a positive hold 
time and using the same clock as the CY7C344/CY7C344B.In gen- 
eral, if tay is greater than the minimum required input hold time of 
the subsequent logic (synchronous or asynchronous), then the devic- 
es are guaranteed to function properly under worst-case environ- 
mental and supply voltage conditions, provided the clock signal 
source is the same. This also applies if expander logic is used in the 
clock signal path of the driving device, but not for the driven device. 
This is due to the expander logic in the second device's clock signal 
path adding an additional delay (teyp), causing the output data from 
the preceding device to change prior to the arrival of the clock signal 
at the following device's register. 


REGISTER 


OUTPUT 
DELAY 
OUTPUT 


FEEDBACK 
DELAY 


tFp C344-7 


Figure 1. CY7C344/CY7C344B Timing Model 
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External Synchronous Switching Characteristics!” Over Operating Range 


| 7C344B-15 


Description 


gee ee 
Ci ee 
Pee ee 
ae 
fies be | 


Parameter 


—_ 
O1 


. . 8 

Dedicated Input to corp inaiona! Output Delay | Com’! /Ind 
with Expander Delay Mil | 
I/O Input to Sona Output Delay with Com’|/Ind 
Expander Delay*” Mil 
tea Input to Output Enable Delay" Com’I/Ind 

Input to Output Disable Delay'* | o 
Synchronous Clock Input to Output Delay 
Synchronous Clock to Local Feedback to Combi- 
natorial Output!* 12] 

Dedicated Input or Feedback Set-Up Time to 
Synchronous Clock Input 

Input Hold Time from Synchronous Clock Input!” 

Synchronous Clock Input HIGH Time 

Synchronous Clock Input LOW Time" Com’! /Ind 
Asynchronous Clear Width! Com'l /Ind 


Asynchronous Clear Recovery Time Com'l/Ind |; 10 — 


peypenronous Clear to Registered Output De- {| Com’! /Ind 
au | Mil | 
tpw Asynchronous Preset Width'* Com’! /Ind | > 


Asynchronous Preset Recovery Time" Com’! /Ind AOE -f i. 
psyocnronous Preset to Registered Output Com'I /Ind | “40 eT Pie 


tor Synchronous Clock to Local Feedback Input '!| Com’I/Ind |.°. .) 


tp External Synchronous Clock Period (1/fyjax3)! | Com’V/Ind |8° |. 


fMAX4 External Maximum Frequency(1/(tco; +ts)) “| Com’I/Ind 90.9 ane: 


+ + — — + 
S| 8 o| o| & 
Q Q G NO = 


tpp4 
H 
L 


tH 
tw 
tw 


NO] Po 
O| Oo 
” 


t 


— =; NO} POF =} a] RM} RM] RM] PR] CO] GI] Gs] @i er] | = 


PR 
tpo 


—_ | = NO} NT NO] PO oo a | 


: a] a a 
—- 
N 


as 


on 
© 
EE 


Shaded area contains preliminary information. 
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External Synchronous Switching Characteristics!” Over Operating Range (continued) 
| 7C0344-15 
po | mane 7C344B-15 


[Max [ Min. | Wax 


Maximum Frequency \ with Internal Only Feed- ee a MHz 

peck (crete) a a i 

[contd [7950] v1.1 [aaa] | 

[Conitng [Tas0] [area] aaa] 
| 83.3[ 


Data Path Maximum Frequency, least of 1/(tw. 
+ typ), Wits + ty), OF (Togs) 


Maximum Register Toggle Frequency 1/(tyy, + 
twH)"” 


Output Data Stable Time from Synchronous 


Clock Input: 18 


Shaded area contains preliminary information. 
Notes: 


8. This parameter is the delay from an input signal applied to a dedicated input pin to a combinatorial output on any output pin. This delay assumes no expander 
terms are used to form the logic function. 

9. This parameter is the delay associated with an input signal applied to an I/O macrocell pin to any output. This delay assumes no expander terms are used to 
form the logic function. 

10. This parameter is the delay associated with an input signal applied to a dedicated input pin to combinatorial output on any output pin. This delay assumes 
expander terms are used to form the logic function and includes the worst-case expander logic delay for one pass through the expander logic. This parameter 
is tested periodically by sampling production material. 

11. This parameter is the delay associated with an input signal applied to an I/O macrocell pin to any output pin. This delay assumes expander terms are used 
to form the logic function and includes the worst-case expander logic delay for one pass through the expander logic. This parameter Is tested periodically by 
sampling production material. 

12. This specification is a measure of the delay from synchronous register clock input to internal feedback of the register output signal to a combinatorial output 
for which the registered output signal is used as an input. This parameter assumes no expanders are used in the logic of the combinatorial output and the 
register is synchronously clocked. This parameter is tested periodically by sampling production material. 

13. This specification is a measure of the delay associated with the internal register feedback path. This delay plus the register set-up time, ts, is the minimum 
internal period for an internal state machine configuration. This parameter is tested periodically by sampling production material. 

14. This specification indicates the guaranteed maximum frequency at which a state machine configuration with external only feedback can operate. 

15. This specification indicates the guaranteed maximum frequency at which a state machine with internal-only feedback can operate. If register output states 
must also control external points, this frequency can still be observed as long as it is less than 1/tc¢o,. This specification assumes no expander logic is used. This 
parameter is tested periodically by sampling production material. 

16. This frequency indicates the maximum frequency at which the device may operate in data-path mode (dedicated input pin to output pin). This assumes that 
no expander logic is used. 

17. This specification indicates the guaranteed maximum frequency in synchronous mode, at which an individual output or buried register can be cycled by a 
clock signal applied to either a dedicated input pin or an I/O pin. 

18. This parameter indicates the minimum time after a synchronous register clock input that the previous register output data is maintained on the output pin. 
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External Synchronous Switching Characteristics!” Over Operating Range (continued) 


7C3A4-20 | 70344—25 | 
7C344B—20 70344B-—25 
Parameter Description | Min. | Max. | Min. | Max. | 
tpp; Dedicated Input to Combinatorial Output Delay Com’! /Ind | 


; 


C) 


—_ 
Sa 
“aay 


I/O Input to Combinatorial Output Delay” Com’I/Ind 
Dedicated Input to Combinatorial Output Delay with Ex- | Com’! /Ind 
pander Delay Mil 
tpp4 I/O Input to Combinatorial Output Delay with Expander | Com’I/Ind 
ae Ca 


t 
t 


Input to Output Enable Delay Com’I/Ind 
Input to Output Disable Delay" Com’! /Ind 
tco1 Synchronous Clock Input to Output Delay Com'l /Ind 


[10] 
tco2 Synchronous Clock to Local Feedback to Combinatori- | Com’! /Ind 
al Output!* 12] 


Dedicated Input or Feedback Set-Up Time to Synchro- | Com’I/Ind 
nous Clock Input . . Mi 
Input Hold Time from Synchronous Clock Input Com’! /Ind 
Synchronous Clock Input HIGH Time” | Com’I/ind 
Synchronous Clock Input LOW Time" Com’! /Ind 


EA 
ER 
ts 
twH 
twe 
traw 
RO 
PW 
CF 


Asynchronous Clear Width" Com’! /Ind 
Asynchronous Clear Recovery Time Com’! /Ind 


Asynchronous Clear to Registered Output Delay’ Com’! /Ind 


t 
t 


NO 


NO NO} PO} PO] Ph _ 


Asynchronous Preset Width Com’! /Ind 
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External Synchronous Switching Characteristics! Over Operating Range (continued) 


70344—20 
| 7C344B—20 
Parameter Description 
External Maximum Frequency(1/(tgo, + tg) "4 Com’V/Ind 
faxo Maximum Frequency with Internal Only Feedback 
(tcp + ts) 


fax3 Data Path Maximum Frequency, least of 1/(tyw_ + ty), | Com’i/ind 
Wits +t), OF (ogy) 19 


fax Maximum Register Toggle Frequency 1/(tyy_ + twy)!” 
Mil 
tou Output Data Stable Time from Com’I/ Ind 
Synchronous Clock Input!* 18! 
External Asynchronous Switching Characteristics Over Operating Rangel’! 


Description 
Asynchronous Clock Input to Output Delay Com’I/ Ind 


taco2 Asynchronous Clock Input to Local Feedback to | Com’I/Ind 
Combinatorial Output!'9! 

t 

t 


B- 


g 
wh 
© 


=k — 


AS Dedicated Input or Feedback Set-Up Time to Com'/Ind | 4 
Asynchronous Clock Input 
Input Hold Time from Asynchronous Clock Input | Com’V/Ind | 3 
P 


4 


Asynchronous Clock Input HIGH Time! © Com'I/Ind 

Asynchronous Clock Input LOW Time! Com’V/Ind 

Asynchronous Clock to Local Feedback Input!*="! | Com'l/ind 

External Asynchronous Clock Period (1/fyyaya)! | Com’V/Ind 

fMAXAt External Maximum Frequency in Asynchronous | Com’l/Ind 
Mode (tacos + tas)!* 2] 

TMAXA2 Maximum Internal Asynchronous Frequency Com’I/Ind 
1/(tacr + tag) OF 1/tayiy + ta) 79 


fMAXA3 Data Path Maximum Frequency in Asynchronous | Com’i/Ind 
Model: 24] 


fMaxa4 Maximum Asynchronous Register Toggle Fre- Com’! /Ind 
quency 1/(tawy + tay) 25] 


taou Output Data Stable Time from Asynchronous Com'I/ind 
Clock Input! 26 


Shaded area contains preliminary information. 
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External Asynchronous Switching Characteristics Over Operating Range’! (continued) 


| 7C0344-20 70344-25 
: 7C344B-—20 7C344B—25 
Parameter Description | Min. | Max. | | Max. | 


19. 


20. 


21. 


22. 
23. 


24. 


25. 
26. 


Min. 
Rechioncns Clock cine to Output Delay Com’I/ Ind SS eee 


(ee ee el a 
Asynchronous Clock Input to Local Feedback to Com- iT in el ee ee 
puictotiel Cupet” Est Mca a ellie tae 
Dedicated Input or Feedback Set-Up Time to Asyn- |Com'vind | 9 | | 12 | | 
chronous Clock Input To | | 2] | 
Input Hold Time from Asynchronous Clock Input [ComV/ind | 9 | | 12 | | 
Cr a ee ee 
Asynchronous Clock Input HIGH Time! |Comi/ind | 7 | | 9 | | 
ae (ie ae a ee 
Asynchronous Clock Input LOW Time ‘Com'Vind | 9 | | Wf | 
| a ae ee 
Asynchronous Clock to Local Feedback Input" |Com'i/ind | =| 18 | | 21 | 
External Asynchronous Clock Period (1/fyaxa) |Com'V/ind | 16 | | 20 | | 
External Maximum Frequency in Asynchronous Mode 
pees ee cee 


Maximum Internal As eyngroncus Frequency 1/(tacr + | Com’i/Ind 


tas) or 1/(tawy + tawe)! 


Data Path Maximum Frequency i in Asynchronous Com’I/Ind 
Model4, 2 


Maximum Asynchronous Register Toggle Frequency | Com’! /Ind 62.5 
M(t ta)? 25 
(tawe + tawL)! 


Output Data Stable Time from Asynchronous Clock | Com/’I/Ind 
Input!* 26] 


S/S] 8/8 
G} © 


ol on 
—/—/ala} A; A 
= = 

aE am 

N N 


oO? 
—_—{ — 
NO 


This specification is a measure of the delay from an asynchronous register clock input to internal feedback of the registered output signal to a combinatorial 
output for which the registered output signal is used as an input. Assumes no expanders are used in logic of combinatorial output or the asynchronous clock 
input. This parameter is tested periodically by sampling production material. 

This parameter is measured with a positive-edge-triggered clock at the register. For negative edge triggering, the tay and tay, parameters must be swapped. 
If a given input is used to clock multiple registers with both positive and negative polarity, tayy4 should be used for both tayyy and tay. 

This specification is a measure of the delay associated with the internal register feedback path for an asynchronously clocked register. This delay plus the 
asynchronous register set-up time, tas, is the minimum internal period for an asynchronously clocked state machine configuration. This delay assumes no expander logic 
in the asynchronous clock path. This parameter is tested periodically by sampling production material. 

This parameter indicates the guaranteed maximum frequency at which an asynchronously clocked state machine configuration with external feedback can 


operate. It is assumed that no expander logic is employed in the clock signal path or data path. 
This specification indicates the guaranteed maximum frequency at which an asynchronously clocked state machine with internal-only feedback can operate. 


If register output states must also control external points, this frequency can still be observed as long as this frequency is less than 1/taco1. This specification 


assumes no expander logic is utilized. This parameter is tested periodically by sampling production material. 
This specification indicates the guaranteed maximum frequency at which an individual output or buried register can be cycled in asynchronously clocked 
mode. This frequency is least of 1/(tayy + tawL), tas + tay), OF 1Aaco3. It also indicates the maximum frequency at which the device may operate in the asynchronously 


clocked data-path mode. Assumes no expander logic is used. 
This specification indicates the guaranteed maximum frequency at which an individual output or buried register can be cycled in asynchronously clocked 


mode by a clock signal applied to an external dedicated input or an I/O pin. 
This parameter indicates the minimum time that the previous register output data is maintained on the output pin after an asynchronous register clock input 


to an external dedicated input or I/O pin. 
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Typical Internal Switching Characteristics Over Operating Rangel”! 
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Shaded area contains preliminary information. 
Notes: 


27. Sample tested only for an output change of 500 mV. 
28. This specification guarantees the maximum combinatorial delay associated with the macrocell register bypass when the macrocell is configured for 


combinatorial operation. 
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Typical Internal Switching Characteristics Over Operating Range"! (continued) 


70344—20 70344-25 
7C0344B-—20 7C344B-25 

raramerer Description 
Dedicated Input Pad and Buffer Delay = /Ind 
I/O Input Pad and Buffer Delay — /Ind 
Expander Array Delay Com’I/Ind 
Logic Array Data Delay Com’I/Ind 


Logic Array Control Delay Com’I/Ind 


a ‘ul 
op) x 
c a) 


Re 
8) 


a] 
” 


” 


Com’I/Ind 


Output Buffer and Pad Delay 


Output Buffer Enable Delay!’ Com’| /Ind 
Output Buffer Disable Delay Com’I/Ind 


Register Set-Up Time Relative to Clock Signal at Reg- | Com’I/Ind 
ister 


Register Hold Time Relative to Clock Signal at Register | Com’I/Ind 
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HIGH-IMPEDANCE 
THREE-STATE 


SF CYPRESS 
tpp1/tppe2 
C344-8 


Switching Waveforms 
External Combinatorial 
DEDICATED INPUT/ 
1/0 INPUT 
os ter 
VALID OUTPUT 


COMBINATORIAL 
OUTPUT 
~«———- tea 


COMBINATORIAL OR 
REGISTERED OUTPUT 
HIGH-IMPEDANCE 
THREE-STATE 
External Synchronous 
DEDICATED INPUTS OR 
REGISTERED FEEDBACK 
ts ty tWH two 
SYNCHRONOUS 
CLOCK 
tco1 tawtpw trAtpR 
ASYNCHRONOUS ton 
CLEAR/PRESET 
Cf te 
OUTPUTS JN 
|-~«—__4 tco2 
C344-9 


tarA’tpr 


COMBINATORIAL OUTPUT FROM 
REGISTERED FEEDBACK |12] 


External Asynchronous 
DEDICATED INPUTS OR 
REGISTERED FEEDBACK 

ASYNCHRONOUS 
CLOCK INPUT 
taco 
ASYNCHRONOUS taoH ise 
CLEAR/PRESET 
TT vote 
i 
ZN 
}-~«—______ taco2 
C344-10 


ASYNCHRONOUS REGISTERED 
OUTPUTS 


COMBINATORIAL OUTPUT FROM 
ASYNCH. REGISTERED 
FEEDBACKI19] 
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Switching Waveforms (Continued) 


Internal Combinatorial 
tin 


tpia 
tlo 


texp 


ARRAY DELAY 
tLac: tlap 


LOGIC ARRAY 
INPUT 


/O PIN 


C344-11 


LOGIC ARRAY 
OUTPUT 


Internal Asynchronous 
tR 


CLOCK PIN 


CLOCK INTO 
LOGIC ARRAY 
tic 


CLOCK FROM 
LOGIC ARRAY 
tcLR PRE —>|«- trp 


DATA FROM 


LOGIC ARRAY 
taptLatcH ><— trp 
REGISTER OUTPUT 
TO LOCAL LAB 
LOGIC ARRAY 
tPIA 
REGISTER OUTPUT 
TO ANOTHER LAB 
0344-12 


Internal Synchronous (Input Path) 


SYSTEM CLOCK PIN 


tin —»| tics 


SYSTEM CLOCK 


AT REGISTER 
tRsu tRH 
LOGIC ARRAY 
C344-13 
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Switching Waveforms (Continued) 
Internal Synchronous (Output Path) 


CLOCK FROM 
LOGIC ARRAY —WHHHHHeeeeeeeeK \ / \ 
LOGIC ARRAY 
txz 
HIGH Z 


Ordering Information 


a ae 
(ns) Ordering Code Name Package Type Range 
10 eae 28-Lead Windowed Leaded Chip Carrier | Commercial : 
Ra 28-Lead Plastic Leaded Chip Carrier Fie | 
28- Lead (300- Mil) Molded DIP = : 
12 -SvrOSHaS-IoHOH | Hes 1 28-Lead Windowed Leaded Chip Carrier Commercial 
_ ae eRe 28-Lead Plastic Leaded Chip Carrier =| - | 
See 28-Lead (300-Mil) Molded DIP 
W22 | 28-Lead Windowed CerDIP | ~ 
owes hos 28-Lead Windowed Leaded Chip Carrier Wary | 
CY7C344B-12WMB | W22 | 28-Lead Windowed CerDIP 
15 ev7caae—isHGIHI | Hea 28-Lead Windowed Leaded Chip C: Carrier 
[ev76s4%-1siCul | J64 | 28-Lead Paso Leaded Chip Carer 
[CY703448-T5HGIHI | He4 | 26Lead Windowed Leaded Chip Carer 
| CY7C344B-15JC/J1_ | J64 ‘| 28-Lead Plastic Leaded Chip Carrier 
[cvreste-isPcr [Pat [zeead Goo%n Need 
28-Lead Windowed Leaded Chip Carrier | ay 
20 rcv7esaasoncmi | Hea | 3 28-Lead Windowed Leaded Chip Carrier 
[Sv76344-20iCui | 64 | BBLead Piasic Leaded Chip Carior 
| CY7C344B-20HC/HI | H64 —_| 28-Lead Windowed Leaded Chip Carrier 
| CY7C344B-20J5C/J1_ | J64 | 28- Lead Plastic Leaded Chip Carrier | 
| GY7C344B-20PC/PI | P21 | 28-Lead (300- Mil) Molded DIP 
CY70344B-20WG/WI 28-Lead Windowed CerDIP 
ICS aeE —| Hor [25 ead Wed =aSo7 HGCA a 
28-Lead Wingoaed Leaded Chip Carrier 


Shaded area contains preliminary information. 
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Commercial/Industrial 
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Operating 
Range 


Commercial/Industrial — 


CY7C344—25HC/HI 
CY7C0344—25JC/JI 


44B-255C/0 | JO4 


vedCerDIP 


448-25PC) 


Military 
H64:. 


CY7C344B-25HMB. | H64 | 28-Lead Windowed Leaded Chip Carrier 
‘CY7C344B-25WMB | W22 | 28-Lead Windowed CerDIP 
Shaded area contains preliminary information. 


MILITARY SPECIFICATIONS 
Group A Subgroup Testing 


Switching Characteristics 


DC Characteristics 
Subgroups | Subgroups __| 


Document #: 38-00127—G 


MAX is a registered trademark of Altera Corporation. 
Warp2, and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 


Warp2Sim is a trademark of Cypress Semiconductor Corporation. 
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128-Macrocell MAX® EPLDs 


ture is 100% user configurable, allowing the devices to accom- 
modate a variety of independent logic functions. 


The 128 macrocells in the CY7C346/CY7C346B are divided 
into 8 Logic Array Blocks (LABs), 16 per LAB. There are 256 
expander product terms, 32 per LAB, to be used and shared 
by the macrocelis within each LAB. 


Each LAB is interconnected through the programmable inter- 
connect array, allowing all signals to be routed throughout the 
chip. 


The speed and density of the CY7C346/CY7C346B allow it to 
be used in a wide range of applications, from replacement of 
large amounts of 7400-series TTL logic, to complex controllers 
and multifunction chips. With greater than 25 times the func- 
tionality of 20-pin PLDs, the CY7C346/CY7C346B allows the 
replacement of over 50 TTL devices. By replacing large 
amounts of logic, the CY7C346/CY7C346B reduces board 
space, part count, and increases system reliability. 


Features 


* 128 macrocells in 8 LABs 
20 dedicated inputs, up to 64 bidirectional 1/O pins 
Programmable interconnect array 


0.8-micron double-metal CMOS EPROM technology 
(CY7C346) 


Advanced 0.65-micron CMOS technology to increase 
performance (CY7C346B) 


Available in 84-pin CLCC, PLCC, and 100-pin PGA, 
PQFP 


Functional Description 


The CY7C346/CY7C346B is an Erasable Programmable Log- 
ic Device (EPLD) in which CMOS EPROM cells are used to 
configure logic functions within the device. The MAX architec- 


Logic Block Diagram 
INPUT [59] (N4) . 
.. 1 (C7) [16]. INPUT/CLK INPUT [60] (MB) 
INPUT [61] (N5) . 
INPUT [64] (N6) . 
INPUT [65] (M7) . 
INPUT [66] (L7) . 
INPUT {67] (N7) . 
INPUT [70] (L8) . 
INPUT [71] (NQ) . 
INPUT [72] (M9) . 


(B7) [15] 
(A7) [17] 
(C6) [20] 
(AS) [24] 
(B5) [22] ..... 


INPUT 
INPUT 


SYSTEM CLOCK 


Fis LAB H 


MACROCELL 120 [100] (C13) NC 


8 (B13) [1] MACROCE 


9 (C12) [2] 
10 (A13) [3] 
11 (B12) [4] 
12 (A12) {5] 
13 (11) [6] 
NC (A11) [7] 
NC (B10) [8] 


MACROCELL 2 
MACROCELL 3 
MACROCELL 4 
MACROCELL 5 
MACROCELL 6 
MACROCELL 7 
MACROCELL 8 


MACROCELL 119 
MACROCELL 118 
MACROCELL 117 
MACROCELL 116 
MACROCELL 115 
MACROCELL 114 
MACROCELL 113 


[99] (D12) NC 
{98] (D13) 77 
[97] (E12) 76 
[96] (E13) 75 
[95] (F11) 74 
[92] (G13) 73 
[91] (G11) 72 


MACROCELL 9-16 


ba 
UY i 


7 


{TI 


LAB B 

MACROCELL 17 
MACROCELL 18 
MACROCELL 19 
MACROCELL 20 
18 (B3) [27] MACROCELL 21 
21 (At) [28] MACROCELL 22 
NC (B2) [29] MACROCELL 23 
NC (B41) [30] MACR 


MACROCELL 25-32 
usc w ah 
M RO 
MACROCELL 34 
MACROCELL 35 
MACROCELL 36 
MACROCELL 37 
MACROCELL 38 


MACROCELL 39 
MACROCELL 40 


MACROCELL 41-48 


LAB D y x) 


MACRO 49 
MACROCELL 50 
MACROCELL 51 
MACROCELL 52 
MACROCELL 53 
MACROCELL 54 
MACROCELL 55 
MACROCELL 56 


14 (A4) [23] 
15 (B4) [24] 
16 (A3) [25] 
17 (A2) [26] 


22 (C2) [31] 
25 (C1) [32] 
26 (D2) [33] 
27 (D1) [34] 
28 (E2) [35] 
29 (E1) [36] 
NC (F1) [39] 
NC (G2)[40] 


TI 


30 (G3) [41] 
31 (G1) [42] 
32 (H3) [45] 
33 (J1) [46] 
34 (J2) [47] 
35 (K1) [48] 
NC (K2) [49] 
NC (L1) [50] 


: 


Lf 


UY Tl 


MACROCELL 57- 64 


3, 20, 37, 54 (A6,B6,F12,F13,H1,H2,M8,N8) [18, 19, 43, 44, 68, 69, 93, 94) L->—— voc 
16, 33, 50, 67 (B8,C8,F2,F3,H11,H12,L6,M6) [12, 13, 37, 38, 62, 63, 87, 88] L->—— GND 


= 


MACROCELL 121-128 


LAB G 

ACRO [90] (G12) NC 
MACROCELL 103 [89] (H13) NC 
MACROCELL_102 [86] (J13) 71 
[85] (J12) 70 
[84] (K13) 69 
[83] (K12) 68 
[82] (L13) 67 
[81] (L12) 64 


ie i 


i 
i 


| 


MACROCELL 105-112 


Lb vue 


MACROCELL 88 [80] (M13) NC 
MACROCELL 87 [79] (M12) NC 
MACROCELL 86 [78] (N13) 63 
MACROCELL_85 [77] (M11) 60 
MACROCELL 84 [76] (N12) 59 
MACROCELL 83 [75] (N11) 58 
MACROCELL. 82 [74] (M10) 57 
MACROCELL 81 [73] (N10) 56 
MACROCELL 86-96 


J | LAB E 


MACROCELL 72 
MACROCELL 71 
MACROCELL 70 
MACROCELL 69 
MACROCELL 68 
MACROCEL 
MACRO 

MACRO 


MACROCELL 73- 80 


() - PERTAIN TO 100—PIN PGA PACKAGE 
[ ] -PERTAIN TO 100—PIN PQFP PACKAGE 


[58] (M4) NC 
[57] (N3) NC 
[56] (M3) 55 
[55] (N2) 54 
[54] (M2) 53 
[53] (N1) 52 
[52] (L2) 51 

[51] (M1) 50 


TT 
il 
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Selection Guide 


fee) 70346-25 | 70346-30 | 7C346-35 
-7C346B-20 | 7C346B-25 | 7C346B-30 | 7C346B-35 


Maximum Access Time (ns) 
Maximum Operating 
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Commercial 
Military 


Maximum Standby 


Shaded area contains preliminary information. 


Pin Configurations 
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onfigurations (continued) 
PQFP 
Top View 
Oo Oo oOo a 
2 2:2 22 2 SSeS e66eeeeeQgQ 
94 93 92 91 90 89 88 87 84 83 82 81 
VO LL a ee) 
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INPUT [__| [| swINPUT 
INPUT [___| |] «INPUT 
INPUT [| | INPUT 
GND LL Peli MEO 
GND C___] 70346 a a 
INPUT [77 ee Poe PUT 
INPUT [— P___]| INPUT 
INPUT/CLK [___| | | INPUT 
INPUT L___| |) INPUT 
Vec |__| | ____} GND 
Voc Le | |} 6GND 
INPUT [__| [—] INPUT 
INPUT [__] [INPUT 
INPUT [___] T____] !NPUT 
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Maximum Ratings DC Input Voltage!) oes seen —3.0V to + 7.0V 
(Above which the useful life may be impaired. For user quide- DG Progrant VONAGG ech cascheccsbasseanceaysectiaseniesddvateavuveeds 13.0V 
Static Discharge Voltage............-.:ececesseseeeerereeeseeeees >1100V 


lines, not tested.) 


(per MIL-STD-883, Method 3015) 


Storage Temperature ...........ccccseececereeeteeeeees —65°C to+150°C 
Ambient Temperature with Operating Range 
POWELD ADDIE shies rurastera cranes —55°C to+125°C 


oti Ambient 
Maximum Junction Temperature Range Temperature Voc 
150°C 


FOSl DIAS) ies. aicaderiecereaceeedeaceucesenadlerieateieapelecteeeenet 
u ae) 0°C to +70°C 5V 15% 
—2.0V to+7.0V 


Supply Voltage to Ground Potential ................ 
Maximum Power Dissipation .............c.ccccccsssseseeeeees 
DC Voc or GND Current... cece rece eeeeeeeeeneees 500 mA 


—40°C to +85°C 5V+10% 
2500 mW 


—55°C to +125°C (Case) 5V + 10% 


DC Output Current per Pin..............ccccee —25 mA to+25 mA 


Electrical Characteristics Over the Operating Range! 


Power Supply Current V, = Voc or GND (No Load) 
| f = 1.0 MHz'4I 


Recommended Input Rise Time 
Recommended Input Fall Time 


Description 


Input Capacitance Vin = 2V, f= 1.0 MHz 
Output Capacitance Vout = 2V, f = 1.0 MHz 


Minimum DC input is —0.3V. During transitions, the inputs may undershoot to —3.0V for periods less than 20 ns. 
Typical values are for Ty = 25°C and Vcc = SV. 

Not more than one output should be tested at a time. Duration of the short circuit should not be more than one second. Voyt = 0.5V has been chosen to avoid 
test problems caused by tester ground degradation. 

Guaranteed by design but not 100% tested. 


This parameter is measured with device programmed as a 16-bit counter in each LAB. 
Part (a) in AC Test Load and Waveforms is used for all parameters except ter and txz, which is used for part (b) in AC Test Load and Waveforms. All external 


timing parameters are measured referenced to external pins of the device. 
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AC Test Loads and Waveforms"! 
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R1 4640 R1 4640 
oV SV ALL INPUT PULSES 
OUTPU OUTPU 
50 pF Re 5 pF R2 
‘il 2500 ua 2500 
INCLUDING —_ = = INCLUDING = — 
JIGAND ~ = JIGAND — = 
SCOPE SCOPE C346-5 C346-6 


(a) 
THEVENIN EQUIVALENT(commercial/military) 


163Q 
OUTPUTo————nwn———9_ 1.75V 


Equivalent to: 


Logic Array Blocks 


There are 8 logic array blocks in the CY7C346/CY7C346B. 
Each LAB consists of a macrocell array containing 16 macro- 
cells, an expander product term array containing 32 expand- 
ers, and an I/O block. The LAB is fed by the programmable 
interconnect array and the dedicated input bus. All macrocell 
feedbacks go to the macrocell array, the expander array, and 
the programmable interconnect array. Expanders feed them- 
selves and the macrocell array. All I/O feedbacks go to the 
programmable interconnect array so that they may be access- 
ed by macrocells in other LABs as well as the macrocells in 
the LAB in which they are situated. 


INPUT 


I/O DELAY 
tlo 


Externally, the CY7C346/CY7C346B provides 20 dedicated 
inputs, one of which may be used as a system clock. There are 
64 1/O pins that may be individually configured for input, out- 
put, or bidirectional data flow. 


Programmable Interconnect Array 


The Programmable Interconnect Array (PIA) solves intercon- 
nect limitations by routing only the signals needed by each 
logic array block. The inputs to the PIA are the outputs of every 
macrocell within the device and the I/O pin feedback of every 
pin on the device. 


REGISTER 


OUTPUT 


OUTPUT 
oe 
FEEDBACK 
DELAY 
trp 
C346-7 


Figure 1. CY7C346/CY7C346B Internal Timing Model 
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Timing Delays 
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Timing delays within the CY7C346/CY7C346B may be easily 
determined using Warp2® or Warp3® software or by the mod- 
el shown in or Figure 1. The CY7C346 /CY7C346B has fixed 
internal delays, allowing the user to determine the worst case 
timing delays for any design. For complete timing information, 
Warp3 software provides a timing simulator. 


Design Recommendations 


Operation of the devices described herein with conditions 
above those listed under “Maximum Ratings” may cause per- 
manent damage to the device. This is a stress rating only and 
functional operation of the device at these or any other condi- 
tions above those indicated in the operational sections of this 
datasheet is not implied. Exposure to absolute maximum rat- 
ings conditions for extended periods of time may affect device 
reliability. The CY7C346/CY7C346B contains circuitry to pro- 
tect device pins from high static voltages or electric fields, but 
normal precautions should be taken to avoid application of any 
voltage higher than the maximum rated voltages. 


For proper operation, input and output pins must be con- 
strained to the range GND < (VIN or VOUT) < VCC. Unused 
inputs must always be tied to an appropriate logic level (ei- 
ther VCC or GND). Each set of VCC and GND pins must be 
connected together directly at the device. Power supply de- 
coupling capacitors of at least 0.2 uF must be connected 
between VCC and GND. For the most effective decoupling, 
each VCC pin should be separately decoupled to GND di- 


rectly at the device. Decoupling capacitors should have good | 


frequency response, such as monolithic ceramic types have. 
Design Security 


The CY7C346/CY7C346B contains a programmable design 
security feature that controls the access to the data pro- 
grammed into the device. If this programmable feature is used, 
a proprietary design implemented in the device cannot be cop- 
ied or retrieved. This enables a high level of design control to 
be obtained since programmed data within EPROM cells is 
invisible. The bit that controls this function, along with all other 
program data, may be reset simply by erasing the entire de- 
vice. 


The CY7C346/CY7C346B is fully functionally tested and guar- 
anteed through complete testing of each programmable 
EPROM bit and all internal logic elements thus ensuring 100% 
programming yield. 


CY7C346 
CY7C346B 


The erasable nature of these devices allows test programs to 
be used and erased during early stages of the production flow. 
The devices also contain on-board logic test circuitry to allow 
verification of function and AC specification once encapsulat- 
ed in non-windowed packages. 


Typical lec VS. fax 


Voc =5.0V 
RoomTemp. 


log. ACTIVE (mA) Typ. 


0. 
100Hz 1kHz 10kHz 100kHz 1MHz 10MHz 50MHz 


MAXIMUM FREQUENCY C346-8 


Output Drive Current 


Voc =5.0V 


RoomTemp. 


lo OUTPUT CURRENT (mA) TYPICAL 


QO 045 4 2 3 4 5 


Vo OUTPUT VOLTAGE (V) C346-9 
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Timing Considerations 


Unless otherwise stated, propagation delays do not include 
expanders. When using expanders, add the maximum ex- 
pander delay teyp to the overall delay. Similarly, there is an 
additional tp), delay for an input from an I/O pin when com- 
pared to a signal from straight input pin. 


When calculating synchronous frequencies, use ts, if all in- 
puts are on dedicated input pins. The parameter tgo should 
be used if data is applied at an I/O pin. If ts. is greater than 
tco1, 1/ts2 becomes the limiting frequency in the data path 
mode unless 1/(twy + tw,) is less than 1/tgo. 


When expander logic is used in the data path, add the appro- 
priate maximum expander delay, texp to ts;. Determine which 
of 1/(twH + tw.), 1/tco1, or 1/(texp + ts1) is the lowest fre- 
quency. The lowest of these frequencies is the maximum 
data path frequency for the synchronous configuration. 


When calculating external asynchronous frequencies, use 
tas; if all inputs are on the dedicated input pins. If any data 
is applied to an I/O pin, tago must be used as the required 
set-up time. If (tago + tay) is greater than taco,, 1/(tase + tay) 
becomes the limiting frequency in the data path mode unless 
1/(tawH + taw_) is less than 1/(taso + tan). 


When expander logic is used in the data path, add the appro- 
priate maximum expander delay, texp to tas;. Determine 
which of 1/(tawy + taw.); 1/taco1; or 1/(texp + tasi) is the 


CY7C346 
CY7C346B 


lowest frequency. The lowest of these frequencies is the 
maximum data path frequency for the asynchronous config- 
uration. 


The parameter toy indicates the system compatibility of this 
device when driving other synchronous logic with positive 
input hold times, which is controlled by the same synchro- 
nous clock. If toy is greater than the minimum required input 
hold time of the subsequent synchronous logic, then the de- 
vices are guaranteed to function properly with a common 
synchronous clock under worst-case environmental and 
supply voltage conditions. 


The parameter tagy indicates the system compatibility of this 
device when driving subsequent registered logic with a pos- 
itive hold time and using the same asynchronous clock as 
the CY7C346/CY7C346B. 


In general, if tagy is greater than the minimum required input 
hold time of the subsequent logic (synchronous or asynchro- 
nous) then the devices are guaranteed to function properly 
under worst-case environmental and supply voltage condi- 
tions, provided the clock signal source is the same. This also 
applies if expander logic is used in the clock signal path of 
the driving device, but not for the driven device. This is due 
to the expander logic in the second device’s clock signal path 
adding an additional delay (texp) causing the output data 
from the preceding device to change prior to the arrival of 
the clock signal at the following device’s register. 
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Commercial and Industrial External Synchronous Switching Characteristics!® Over Operating Range 


| 70346-25 | 7C0346-30 | 7C0346-35 
| 7C346B-—25 | 7C346B—30 | 7C346B-35 


Parameter Description Max. | Min. | Max. | Min. | Max. | | Max. | 
tpp; Dedicated Input to Combinatorial | |-15° 7-207 25 | 30 35 
I/O Input to Combinatorial 25. 320 40 45 
Output Delay/®! or Sie 
Dedicated Input to Combinatorial 23. ~ 30 
Output Delay with 
Expander Delay! 


/O Input to Combinatorial 
Output Delay with 
Expander Delay!4 10] 


tea Input to Output Enable Delay!*: 
teR Input to Output Disable Delay!*: 


Synchronous Clock Input to la’ 
| Output Delay : 


Synchronous Clock to Local 
Feedback to Combinatorial 
Output!4. 11] 


ts, Dedicated Input or Feedback AIO. 
Set-Up Time to ae 
Synchronous Clock Input!712) 0 jf 
I/O Input Set-Up Time to 0. 
Synchronous Clock Input!7] ae 
Input Hold Time from Qe" 
Synchronous Clock Input!7! ene 
Synchronous Clock Input fe 
HIGH Time es he 
Synchronous Clock Input 
LOW Time 


Asynchronous Clear Width'* 16: é é 3 

Asynchronous Clear Recovery 16 22° 

Timel4.7] eee eee 

Asynchronous Clear to Regis- ee © 3208 25 30 
tered a am 

Output Delay!7! Toes . 


Asynchronous Preset Recovery 
Timel4:71 
Asynchronous Preset to Regis- 20 25 30 35 
tered | 
Output Delay!7] | 
cs el el 


tor Synchronous Clock to Local 

Feedback Input!*: 15] ce stage 

External Synchronous Clock AB ere Be 16 20 25 
Period (1/(fyaxs))!*! ee ee 


io 1 16 


o| & = 
“8.8 x 
&/ LV 
as 


H 


=) 


| 
WH 
WL 
RW 
R 


t 
t 
t 
t 
tr 


—_ . 
N : 
o 

or 


GQ} © G| 
Ol; O1 O1; O1 


“45 


fMAaxt External Feedback Maximum 34.5 27.7 22.2 MHz 
Frequency (1/(tco, + ts1))!4 141 
fMaxe Internal Local Feedback 


Maximum Frequency, lesser of 
(1(tg1 + tor) OF (1/tgo1)!* 
Shaded area contains preliminary information. 


3-210 


= CY7C346 
=~ Y7C34 
=f CrpRESS wh AS 


Commercial and Industrial External Synchronous Switching Characteristics!®! Over Operating Range 


Description 


Data Path Maximum Frequency, 
lesser of (1/(tw. + twx)) 


(1{tgy + ty)) OF (Ttooy 418) 
Maximum Register Toggle 


Frequency (1/(tyw, + tyy))! '7! 


Output Data Stable Time from 
Synchronous Clock Input!* 18! 


Shaded area contains preliminary information. 
Notes: 


re 


This specification is a measure of the delay from input signal applied to a dedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 66, or 68) to combinatorial 
output on any output pin. This delay assumes no expander terms are used to form the logic function. 

When this note is applied to any parameter specification it indicates that the signal (data, asynchronous clock, asynchronous clear, and/or asynchronous 
preset) is applied to a dedicated input only and no signal path (either clock or data) employs expander logic. 

If an input signal is applied to an I/O pin an additional delay equal to tp;, should be added to the comparable delay for a dedicated input. If expanders are 
used, add the maximum expander delay teyp to the overall delay for the comparable delay without expanders. 

This specification is a measure of the delay from input signal applied to an I/O macrocell pin to any output. This delay assumes no expander terms are used 
to form the logic function. 

This specification is a measure of the delay from an input signal applied to a dedicated input (68-pin PLCC input pin 1, 2, 32, 34, 35, 36, 66, or 68) to 
combinatorial output on any output pin. This delay assumes expander terms are used to form the logic function and includes the worst-case expander logic 
delay for one pass through the expander logic. 

This specification is a measure of the delay from an input signal applied to an I/O macrocell pin to any output. This delay assumes expander terms are used 
to form the logic function and includes the worst-case expander logic delay for one pass through the expander logic. This parameter is tested periodically by 
sampling production material. 


. This specification is a measure of the delay from synchronous register clock to internal feedback of the register output signal to the input of the LAB logic array 


and then to a combinatorial output. This delay assumes no expanders are used, register is synchronously clocked and all feedback is within the same LAB. 
This parameter is tested periodically by sampling production material. 

If data is applied to an I/O input for capture by a macrocell register, the I/O pin input set-up time minimums should be observed. These parameters are tgo for 
synchronous operation and tase for asynchronous operation. 

This specification is a measure of the delay associated with the internal register feedback path. This is the delay from synchronous clock to LAB logic array 
input. This delay plus the register set-up time, tg;, is the minimum internal period for an internal synchronous state machine configuration. This delay is 
for feedback within the same LAB. This parameter is tested periodically by sampling production material. 

This specification indicates the guaranteed maximum frequency, in synchronous mode, at which a state machine configuration with external feedback can 
operate. It is assumed that all data inputs and external feedback signals are applied to dedicated inputs. 

This specification indicates the guaranteed maximum frequency at which a state machine with internal-only feedback can operate. If register output states 
must also control external points, this frequency can still be observed as long as this frequency is less than 1/tco;. All feedback is assumed to be local 
originating within the same LAB. 

This frequency indicates the maximum frequency at which the device may operate in data path mode (dedicated input pin to output pin). This assumes data 
input signals are applied to dedicated input pins and no expander logic is used. If any of the data inputs are I/O pins, tgo is the appropriate tg for calculation. 
This specification indicates the guaranteed maximum frequency, in synchronous mode, at which an individual output or buried register can be cycled by a 
clock signal applied to the dedicated clock input pin. 

This parameter indicates the minimum time after a synchronous register clock input that the previous register output data is maintained on the output pin. 
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Commercial and Industrial External Asynchronous Switching Characteristics! Over Operating Range 


. . 70346—25 | 7C0346-30 | 7C346—35 
‘ 7C346B-25 | 7C346B-30 | 7C346B-35 
Parameter 


7] 


Asynchronous Clock Input to 
Local Feedback to Combinatorial 
Output!?9! 


Dedicated Input or Feedback 
Set-Up Time to Asynchronous 
Clock Input!7] 


I/O Input Set-Up Time to 
Asynchronous Clock Input!71 


Input Hold Time from 
Asynchronous Clock Input!”! 


Asynchronous Clock Input ar ea nara 
HIGH Timel7] eae 
Asynchronous Clock Input a oe 

LOW Timel’: 20] ee ae 
Asynchronous Clock to Local oe eee 
Feedback Input!421) coe fh 
External Asynchronous Clock “16> |. 

Period (1/(fyaxaa))4) aera 


External Feedback Maximum 
Frequency in Asynchronous 
Mode (1/(taco1 + tasi))!*7? 


fMAXA2 Maximum Internal Asynchronous | € 
Frequency!4.23] | 

IMAXA3 Data Path Maximum Frequency _ | 6¢ 
in Asynchronous Mode [4/241 | 


Maximum Asynchronous 
Register Toggle Frequency 
1/(tawH + tawi)!?°! 


taoH Output Data Stable Time from 
Asynchronous Clock Input!*,26! 


Shaded area contains preliminary information. 
Notes: 


19. This specification is a measure of the delay from an asynchronous register clock input to internal feedback of the register output signal to the input of the LAB 
logic array and then to a combinatorial output. This delay assumes no expanders are used in the logic of combinatorial output or the asynchronous clock input. 
The oor signal is applied to the dedicated clock input pin and all feedback is within a single LAB. This parameter is tested periodically by sampling production 
material. 

20. This parameter is measured with a positive-edge triggered clock at the register. For negative edge triggering, the tawy and tay, parameters must be swapped. 
If a given input is used to clock multiple registers with both positive and negative polarity, tay should be used for both tawy and taw_. 

21. This specification is a measure of the delay associated with the internal register feedback path for an asynchronous clock to LAB logic array input. This delay 
plus the asynchronous register set-up time, tasy, is the minimum internal period for an internal asynchronously clocked state machine configuration. This 
delay is for feedback within the same LAB, assumes no expander logic in the clock path, and assumes that the clock input signal is applied to a dedicated 
input pin. This parameter is tested periodically by sampling production material. 

22. This specification indicates the guaranteed maximum frequency at which an asynchronously clocked state machine configuration with external feedback can 
operate. It is assumed that all data inputs, clock inputs, and feedback signals are applied to dedicated inputs and that no expander logic is employed in the 
clock signal path or data path. 

23. This specification indicates the guaranteed maximum frequency at which an asynchronously clocked state machine with internal-only feedback can operate. 
This parameter is determined by the lesser of (1/(tacr + tasi)) OF (1/(tawny + tawz)). If register output states must also control external points, this frequency 
can still be observed as long as this frequency is less than 1/taco1. 

This specification assumes no expander logic is utilized, all data inputs and clock inputs are applied to dedicated inputs, and all state feedback is within a 
single LAB. This parameter is tested periodically by sampling production material. 

24. This frequency is the maximum frequency at which the device may operate in the asynchronously clocked data path mode. This specification is determined 
by the lesser of 1/(tawy + tawt), 1/(tas; + tay) or 1/taco4. It assumes data and clock input signals are applied to dedicated input pins and no expander 
logic is used. 

25. This specification indicates the guaranteed maximum frequency at which an individual output or buried register can be cycled in asynchronously clocked mode 
by a clock signal applied to an external dedicated input pin. 

26. This parameter indicates the minimum time that the previous register output data is maintained on the output after an asynchronous register clock input applied 
to an external dedicated input pin. 
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Commercial and Industrial Internal Switching Characteristics Over Operating Range 


| | 70346—25 70346-30 70346-35 
7C346B-15 | 7C346B—20 | 7C346B-25 | 7C346B-30 | 7C346B-35 


in. ax. 
mig 
—e- 


- 
a 


: | ed 
[28a 
- 


Parameter 


tin Dedicated Input Pad and 
Buffer Delay 


tLap Logic Array Data Delay 


tLac Logic Array Control Delay 


Output Buffer and Pad Delay 


Output Buffer Enable De- 
lay! 7] 


—_ —_ —}| —1/ NO 
oo io) WW) O}] © 


Register Set-Up Time 
Relative to Clock Signal 
at Register 


— — 
nh 
on io) oO 


— 
we) 
o1 


aes 


baal mise 

cama 

tpow Asynchronous Preset and |. 3 4 5 
Clear Pulse Width 

{*] fey 

a 


Asynchronous Preset and 3 5 
Clear Recovery Time 


Programmable Interconnect ~ 10. 
Array Delay Time 3 
Shaded area contains preliminary information. 

Notes: 

27. Sample tested only for an output change of 500 mV. 


28. This specification guarantees the maximum combinatorial delay associated with the macrocell register bypass when the macrocell is configured for combi- 
natorial operation. 
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Military External Synchronous Switching Characteristics'®! Over Operating Range ~ | 


Pectiate eee PP" 7 7G34G30 7C346-35 
--70346B-20 | 7C346B-25 | 7C346B-30 | 7C346B-35 


[ii win [ie in [Mas 


Er 
ear 


Parameter | Description 


tps Dedicated Input to Combinatorial eee on Wea ess tee 
Output Delay!7] ie ee ee ae 

tppo I/O Input to Combinatorial Cua) eco eee Oe 
Output Delay!®! mea 


tpp3 Dedicated Input to Combinatorial 
Output Delay with Expander Delay!®! 


I/O Input to Combinatorial 
Output Delay with 
Expander Delay/*: 10 


Input to Output Enable Delay'*: “20° i | 
Input to Output Disable Delay!*: Paes 


Synchronous Clock Input to ae eee 
Output Delay a aoe 


Synchronous Clock to Local 
| Feedback to Combinatorial 
Output!4:14] 


Dedicated Input or Feedback 
Set-Up Time to 
Synchronous Clock Inpu 


tsa I/O Input Set-Up Time to | 
Synchronous Clock Input!” | 


Input Hoid Time from | |e 
[Asynchronous Clear width| 


EE 
ol 


oi 


=] 


tea 
teR 


— + - 
(@) '@) a 
| Qo} e x 


oF 
” 
_— 


417,12] 


wl o wl ol pl pw 
hol po 
oil On HY] A} oly 


E 
. oO 


Asynchronous Clear Recovery 20 b= ag 25° 
Timel4.7] ar 
Asynchronous Clear to Registered eo Lae QC ss 
Output Delay!7! — 
Asynchronous Preset Width!* oe S25 
Asynchronous Preset Recovery 10 Zs ae ae 5 
Asynchronous Preset to Registered | =| 20. 

Output Delay!7] en tN 
Synchronous Clock to Local ugk ak 
Feedback Input!*:191 aie 


External Synchronous Clock 


Period (1/(fyax3))4 


fMaxt External Feedback Maximum 
Frequency (1/(tgo1 + ts1))!4"4! 


Shaded area contains preliminary information. 
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Military External Synchronous Switching Characteristics!® Over Operating Range (continued) 


7C346B—20 7C346B—25 
Parameter Description | Min. 


fax Internal Local Feedback 62.5 
Maximum Frequency, lesser of 


(1tgy + to)) oF (1/t¢9,)* 19! 


fMax3 Data Path Maximum Frequency, 71 62.5 
lesser of (1/(tw_ + twy)) 
(1(tga + ty) OF (1/tgq4)!4 18) | 
ie het 


TE 
eempnee 
Te 
ae 
eee 
ee 
eT tet 


. 
* 


* 


fax Maximum Register Toggle 71.4 
Frequency (1/(ty, + tyyy))!4 17) 
Output Data Stable Time from 3 
Synchronous Clock Input!* 18] — 


Shaded area contains preliminary information. 
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Military External Asynchronous Switching Characteristics!® Over Operating Range 


See eee -| 70346-30 
 7C346B-20 | 7C346B-25 | 7C346B-30 
Description in. | Wax [ins | ax. [in 
Asynchronous Clock Input to 20 25 
Output Delay!7! i 
tacoe2 Asynchronous Clock Input to 32 39 
Local Feedback to Combinatorial 
Output!'9! 
Dedicated Input or Feedback ‘45 
Set-Up Time to Asynchronous 
Clock Input!7! | 


I/O Input Set-Up Time to 417 
Asynchronous Clock Input!7] ae) 


tay Input Hold Time from 
Asynchronous Clock Input!7! 
tawH Asynchronous Clock Input 10 
HIGH Time!7] 
tawL Asynchronous Clock Input 
LOW Time!”: 2° 
Asynchronous Clock to Local | 
Feedback Input!4,21] 


ok BSS (ee) 
© (o>) (o) 


70346-35 
7C346B-—35 
* 


Parameter 


tacot 


tase 


- 
2 


> S| + 

O uv oO 

xr nl 
NO — — we) 
ol — £ N 


ro —s = 
: a = © 
Ww —_ — — No 
PF io) £ o io) foe) 


External Asynchronous Clock 18 
Period (1/(faxaa)) 
fMAXAt External Feedback Maximum .f 33.3 27.7 23.2 MHz 


Frequency in Asynchronous 
Mode (1/(taco1 + tag1))!*72) 


fMAXA2 Maximum Internal Asynchronous 55.5 
Frequency!*.231 ) 

fMAXA3 Data Path Maximum Frequency ~ 50 
in Asynchronous Model*,241 


E 
ro) 
a) 
oe 
or) 


oO 
oo 
oo 
i) 
Go 
uo 


TMAXA4 Maximum Asynchronous 55.5 
Register Toggle Frequency 
1tawn + tawr)!?°! 


Output Data Stable Time from 12 
Asynchronous Clock Input!*,26! a 


Shaded area contains preliminary information. 
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Ordering Information 
Speed 


(ns) Ordering Code 


15 | CY7C346B—15HC/HI H 
CY7C346B-15JC/J] |  J83 


Package | . . Operating 
Name Package Type Range 


4-Pin Windowed Leaded Chip Carrier | Commercial/Industrial 


—_k 
-o 


4-Lead Plastic Leaded Chip Carrier 
00-Lead Plastic Quad Flatpack . 
0-Pin Windowed Ceramic Pin Grid Array 


— 1 © 


CY7C346B-15NC/NI | N100_ |. 
CY7C346B-15RC/RI 
20 | CY7C346B-20HC/HI 


4-Pin Windowed Leaded Chip Carrier 


ie.) 


H 


Commercial/Industrial - 


‘Military Pe 


Commercial/Industrial 


J83 
CY7C346B-20JC/JI 84-Lead Plastic Leaded Chip Carrier 


CY7C346B-—20NC/NI N100 | 100-Lead Plastic Quad Flatpack 


CY7C346B-20RC/RI R100 | 100-Pin Windowed Ceramic Pin Grid Array 
CY7C346B-20HMB 84-Pin Windowed Leaded Chip Carrier 
CY7C346B-20RMB R100 | 100-Pin Windowed Ceramic Pin Grid Array 


84 
84 
84 


84-Lead Plastic Leaded Chip Carrier 
100-Lead Plastic Quad Flatpack 

100-Pin Windowed Ceramic Pin Grid Array 
84-Pin Windowed Leaded Chip Carrier 


25 | CY7C346-25HC/HI 84-Pin Windowed Leaded Chip Carrier 
4 


3 
J83 | 84-Lead Plastic Leaded Chip Carrier 
100-Lead Plastic Quad Flatpack 
100-Pin Windowed Ceramic Pin Grid Array 
84-Pin Windowed Leaded Chip Carrier 
100-Pin Windowed Ceramic Pin Grid Array 
30 H84 —_| 84-Pin Windowed Leaded Chip Carrier 
84-Lead Plastic Leaded Chip Carrier 
100-Lead Plastic Quad Flatpack 


CY7C346B-30HC/HI H84 | 84-Pin Windowed Leaded Chip Carrier 


CY7C346B-30JC/JI J83 | 84-Lead Plastic Leaded Chip Carrier - 
CY7C346B-30NC/NI N100 | 100-Lead Plastic Quad Flatpack 7 
CY7C346B-30RC/RI R100 | 100-Pin Windowed Ceramic Pin Grid Array 


CY7C346-30HMB 84-Pin Windowed Leaded Chip Carrier _| Military 
CY7C346-30RMB_ | _—-R100_| 100-Pin Windowed Ceramic Pin Grid Array 
CY7C346B-30HMB | H84 | 84-Pin Windowed Leaded Chip Carrier __ 


CY7C346B-30RMB Rt 00 | 100-Pin Windowed Ceramic Pin Grid Array 


Shaded area contains preliminary information. 
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A large number of development tools are available for use 
when designing with Cypress Semiconductors PLDs and 
CPLDs. Many of these tools are available from Cypress, while 
additional design flow options are available from numerous 
third-party tool vendors. (For a complete listing of third-party 
tool vendors, see the Third-Party Tools datasheet.) 


Development software is available that provides design entry, 
synthesis, optimization, fitting, and simulation. As shown be- 
low, this software produces a programming file for use with a 
device programmer. Cypress offers the Warp software family 
of industry-leading VHDL synthesis tools. Warp2® provides 
VHDL design description and _ functional simulation. 


\ 
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PLD Development Tools Overview 


Warp2Sim™ has all of the features of Warp2 and adds full 
timing simulation. Warp3® includes Warp2Sim functionality 
plus schematic entry and VHDL source code simulation. In 
addition, Warp seamlessly bolts-in to many third-party tools for 
various levels of support. 


Device programmers use the programming file created by the 
development tool to program the PLD or CPLD. The 
Impulse3™ can program any Cypress Programmable Logic 
device and can be upgraded to program other manufacturers’ 
devices. Many third-party programmers are available that can 
be used to program a wide array of devices including those 
from Cypress. 


PLD Design Flow 
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Warp2Sim and /mpulse3 are trademarks of Cypress Semiconductor Corporation. 
Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 
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Features 
° VHDL (IEEE 1076 and 1164) high-level language com- 
piler 
— Facilitates device independent design 


— Designs are portable across multiple devices 
and/or CAE environments 


— Facilitates the use of industry-standard simulation 
and synthesis tools for board and system-level de- 
sign 

— Supports functions and libraries facilitating modular 
design methodology 


Warp2® provides synthesis of IEEE standards 1076 and 
1164 VHDL including: 


— enumerated types 

— operator overloading 
—for ... generate statements 
— integers 


Several design entry methods support high and 
low-level design descriptions: 


— Behavioral VHDL (IF... THEN...ELSE; CASE.. .) 
— Boolean 
— Structural VHDL (RTL) 


— Designs can include multiple VHDL entry methods 
in a single design 


State-of-the-art optimizations and reduction algo- 
rithms 


— Automatic selection of optimal flip-flop type 
(D type/T type) 

— Automatic pin assignment 

UltraGen™ Synthesis Technology 


—Infers “modules” like adders, comparators, etc., 
from behavioral descriptions 


— Replaces operator internally with an architecture 
specific circuit based on the target device 


— User selectable speed and/or area optimization ona 
block-by-block basis 


Supports all Cypress Programmable Logic Devices 
—Jindustry standard PLDs (16V8, 20V8, 22V10) 

— MAX340 CPLDs 

— FLASH370i CPLDs 


VHDL and Verilog timing model output for use with 
third-party simulators 


Functional simulation provided with Cypress NOVA 
simulator: 


— Graphical waveform simulator 
—Entry and modification of on-screen waveforms 
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Warp2® VHDL Compiler for PLDs 


— Ability to probe internal nodes 


— Display of inputs, outputs, and High Z signaia' in dif- 
ferent colors 


— Automatic clock and pulse creation 
— Waveform to JEDEC test vector conversion utility 
— Support for buses 
¢« PC, Sun (SunOS™, Sun Solaris™), and HP platforms 
¢ Windows 3.1x, Windows 95, and Windows NT 
¢ Motif on Unix workstations 
¢ On-line documentation and help 


Functional Description 


Warp2 is a state-of-the-art VHDL compiler for designing with 
Cypress Programmable Logic Devices. Warp2 utilizes a sub- 
set of IEEE 1076 and 1164 VHDL as its Hardware Description 
Language (HDL) for design entry. Warp2 accepts VHDL input, 
synthesizes and optimizes the entered design, and outputs a 
JEDEC map for the desired PLD or CPLD (see Figure 1). For 
simulation, Warp2 provides a graphical waveform simulator 
called NOVA, as well as VHDL and Verilog models for use with 
_ third party simulators. 
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Figure 1. Warp2 Design Flow 
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VHDL Compiler 


VHDL (VHSIC Hardware Description Language) is a powerful, 
non-proprietary language that is a standard for behavioral de- 
sign entry and simulation, and is supported by every major 
vendor of CAE tools. VHDL allows designers to learn a single 
language that is useful for all facets of the design process. 


VHDL offers designers the ability to describe designs at many 
different levels. At the highest level, designs can be entered as 
a description of their behavior. This behavioral description is 
not tied to any specific target device. As a result, simulation 
can be done very early in the design to verify correct function- 
ality, which significantly speeds the design process. 


Warp2s VHDL syntax also includes support for intermediate 
level entry modes such as state tables and boolean entry. At 
the lowest level, designs can be described using gate-level 
RTL (Register Transfer Language) descriptions. Warp2 gives 
the designer the flexibility to intermix all of these entry modes. 


In addition, VHDL allows you to design hierarchically, building 
up entities in terms of other entities. This allows you to work 
either “top-down” (designing the highest levels of the system 
and its interfaces first, then progressing to greater and greater 
detail) or “bottom-up” (designing elementary building blocks of 
the system, then combining these to build larger and larger 
parts) with equal ease. 


Because VHDL is an IEEE standard, multiple vendors offer 
tools for design entry and simulation at both high and low lev- 
els, and synthesis of designs to different silicon targets. The 
use of device independent behavioral design entry gives users 
the freedom to retarget designs to different devices. The wide 
availability of VHDL tools provides complete vendor indepen- 
dence as well. Designers can begin their project using Warp2 
for Cypress CPLDs and convert to high volume gate arrays 
using the same VHDL behavioral description with indus- 
try-standard synthesis tools. 


The VHDL language allows users to define their own func- 
tions. User-defined functions allow users to extend the capa- 
bilities of the language and build reusable libraries of tested 
routines. As a result the user can produce complex designs 
faster than with ordinary “flat” languages. VHDL also provides 
control over the timing of events or processes. VHDL has con- 
structs that identify processes as either sequential, concur- 
rent, or a combination of both. This is essential when describ- 
ing the interaction of complex state machines. 


VHDL is a rich programming language. Its flexibility reflects the 
nature of modern digital systems and allows designers to cre- 
ate accurate models of digital designs. Because of its depth 
and completeness, it is easier to describe a complex hardware 
system accurately in VHDL than in any other hardware de- 
scription language. In addition, models created in VHDL can 
readily be transported to other CAE Environments. Warp2 
supports IEEE 1076 and 1164 VHDL including loops, for ... 
generate statements, full hierarchical designs with packag- 
es, as well as synthesis for enumerated types and integers. 


~~ 


Designing with Warp2 


Design Entry 
Warp2 descriptions specify 
1. The behavior or structure of a design, and 


2. The mapping of signals in a design to the pins of a 
PLD/CPLD (optional) 
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The part of a Warp2 description that specifies the behavior 
or structure of the design is called an entity/architecture pair. 
Entity/architecture pairs, as their name implies, can be divid- 
ed into two parts: an entity declaration, which declares the 
design’s interface signals (i.e., defines what external signals 
the design has, and what their directions and types are), and 
a design architecture, which describes the design’s behavior 
or structure. 


The entity portion of a design file is a declaration of what a 
design presents to the outside world (the interface). For each 
external signal, the entity declaration specifies a signal name, 
a direction and a data type. In addition, the entity declaration 
specifies a name by which the entity can be referenced in a 
design architecture. In this section are code segments from 
four sample design files. The top portion of each example fea- 
tures the entity declaration. 


Behavioral Description 


The architecture portion of a design file specifies the function 
of the design. As shown in Figure 1, multiple design-entry 
methods are supported in Warp2. A behavioral description 
in VHDL often includes well known constructs such as 
If... Then...Else, and Case statements. Here is a code seg- 
ment from a simple state machine design (soda vending 
machine) that uses behavioral VHDL to implement the de- 
sign: 


LIBRARY ieee; 
USE ieee.std_logic_1164.all; 


ENTITY drink IS 
PORT (nickel,dime,quarter,clock:in 
std. logae: 
returnDime, returnNickel,giveDrink:out 


std_logic); 
END drink; 


ARCHITECTURE fsm OF drink IS 


TYPE drinkState IS (zero,five,ten,fifteen, 
twenty, twentyfive, owedime) ; 
SIGNAL drinkstatus:drinkState; 


BEGIN 


PROCESS BEGIN 


WAIT UNTIL clock 


giveDrink <= '0’; 
returnDime <= '0Q’; 
returnNickel <= ’0Q’; 


a ie 


CASE drinkStatus IS 


WHEN zero => 

IF (nickel eae | 
drinkStatus <= 
'(drinkStatus) ; 

-- goto Five 

ELSIF (dime = ‘'1’) THEN 
drinkStatus <= Ten; 

ELSIF (quarter a ae 


THEN 
drinkStatus’ SUCC 


THEN 


iy 
MW 
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drinkStatus <= twentyfive; 


a 


END IF; 
WHEN five => 
IF (nickel = ‘1’) -THEN 
drinkStatus <= ten; 
ELSIF (dime = ‘1’) THEN 
drinkStatus <= fifteen; 
ELSIF (quarter = ‘’1’) THEN 


toh Ms 
drinkStatus’ PRED 


giveDrink <= 
drinkStatus <= 
(drinkStatus) ; 
-- goto Zero 

END IF; 


WHEN owedime => 
returnDime <= ‘1’; 
drinkStatus <= zero; 


when others => 

-- This makes sure that the state 

-- machine resets itself if 

-- it somehow gets into an undefined state. 
drinkStatus <= zero; 

END CASE; 

END PROCESS; 


END FSM; 


VHDL is a strongly typed language. It comes with several pre- 
defined operators, such as + and /= (add, not-equal-to). VHDL 
offers the capability of defining multiple meanings for opera- 
tors (such as +), which results in simplification of the code 
written. For example, the following code segment shows that 
“count <= count +1” can be written such that count is a 
std_logic_vector, and 1 is an integer. | 


LIBRARY ieee; 
USE ieee.std_logic_1164.all; 
USE work.std_arith.all; 


ENTITY sequence IS 
port (clk: in std_logic; 
S : inout std_logic); 
end sequence; 


ARCHITECTURE fsm OF sequence IS 
SIGNAL count: std_logic_vector(3 downto 0); 
BEGIN 


PROCESS BEGIN 


WAIT UNTIL clk = ‘1’; 
CASE count IS 

WHEN 26702 >] see <i ee Be On ee BFS eS 
Sse. “its 
count <= count + 1; 

WHEN) "2? «| see 5 | sete || cage i aes 
S:.-<= 70s 
count <= count + 1; 

WHEN’ x"'8". ([ 2479" => 
S aS. Fis 
COunt. <= count. + 14 


WHEN others => 
Se. Os 
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count <= (others => '0’); 


END CASE; 
END PROCESS; 


END FSM; 


In this example, the + operator is overloaded to accept both 
integer and std_logic arguments. pepe supports overload- 
ing of operators. 


Functions 


A major advantage of VHDL is the ability to implement func- 
tions. The support of functions allows designs to be reused by 
simply specifying a function and passing the appropriate pa- 
rameters. Warp2 features some built-in functions such as ttf 
(truth-table function). The ttf function is particularly useful 
for state machine or look-up table designs. The following 
code describes a seven-segment display decoder imple- 
mented with the ttf function: 


LIBRARY ieee; 
USE ieee.std_logic_1164.all; 
USE work.table_std.all; 


ENTITY seg7 IS 


PORT (_ 
inputs: IN STD_LOGIC_VECTOR (0 to 3) 
outputs: OUT STD_LOGIC_VECTOR (0 to 6) 
iN 
END SEG7; 


ARCHITECTURE mixed OF seg7 IS 


CONSTANT truthTable: 


ELE table (0 to: 21; 0 -to: 20): t=-4 
-- input& output 
*“QO00%s "OLLI, 
"0001"& “0000110”, 
*“OOL0"& "1011011", 
"O01 S "1001114, 
“0100"& "1100110", 
*O101"°& "1101101", 
SOLOS LAV LOr es 
"0111”"& “0000111”, 
AZOCO"S, UIA, 
POO IM Se OAL © 
"101-"& "1111100", --creates E pattern 
"111-"& "1111100" 
ie | 
BEGIN 


outputs <= ttf (truthTable, inputs); 


END. mixed; 


Boolean Equations 


A third design-entry method available to Warp2 users is Boolean 
equations. Figure 2 displays a schematic of a simple one-bit half 
adder. The following code describes how this one-bit half adder can 


be implemented in Warp2 with Boolean equations: 


Figure 2. One-Bit Half Adder 


LIBRARY ieee; 
USE ieee.std_logic_1164.all; 


--entity declaration 
ENTITY half_adder IS 
PORT (x, y : IN std_logic; 
sum, carry : OUT std_logic); 
END half_adder; 
~-architecture body 
ARCHITECTURE behave OF half_adder IS 
BEGIN 
sum <= xX XOR y; 
carry <= X AND y; 
END behave; 


Structural VHDL (RTL) 


While all of the design methodologies described thus far are 
high-level entry methods, structural VHDL provides a method 
for designing at a very low level. In structural descriptions (also 
called RTL), the designer simply lists the components that 
make up the design and specifies how the components are 
wired together. Figure 3 displays the schematic of a simple 3-bit 
shift register and the following code shows how this design can be 
described in Warp2 using structural VHDL: 


LIBRARY ieee; 
USE ieee.std_logic_1164.all; 
USE work.rtlpkg.all; 


ENTITY shifter3 IS port ( 


clk : IN STD_LOGIC; 
x : IN STD_LOGIC; 

q0: + - QUT STD. LOGEC: 
qQl.<«-OUT STD. DOGIC; 
gq2 2 OUT STD LOGIC) ; 


END shifter3; 


ARCHITECTURE struct OF shifter3 IS 


SIGNAL gO_temp, ql_temp, q2_temp : STD_LOGIC; 
BEGIN 

dl : DFF PORT MAP(x,clk,q0_temp) ; 

a2 : DFF PORT MAP(q0_temp,clk,qgl_temp) ; 

d3 : DFF PORT MAP(ql_temp,clk,q2_temp); 


qo <= qO0_temp; 

ql <= ql_temp; 

q2 <= q2_temp; 
END struct; 
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Figure 3. Three-Bit Shift Register Circuit Design 


All of the design-entry methods described can be mixed as 
desired. The ability to combine both high- and low-level entry 


methods in a single file is unique to VHDL. The flexibility and 


power of VHDL allows users of Warp2to describe designs using 
whatever method is appropriate for their particular design. 


Compilation 


Once the VHDL description of the design is complete, it is 
compiled using Warp2. Although implementation is with a single 
command, compilation is actually a multistep process as shown in 
Figure 1. The first part of the compilation process is the same for all 
devices. The input VHDL description is synthesized to a logical rep- 
resentation of the design. Warp2 synthesis is unique in that the in- 
put language (VHDL) supports device-independent design descrip- 
tions. Competing programmable logic compilers require very 
specific and device-dependent information in the design descrip- 
tion. 


Warp2 Synthesis is based on UltraGen Technology. This tech- 
nology allows Warp2 to infer “modules” like adders, counters, 
comparators, etc., from behavioral descriptions. Warp2 then 
replaces that operator internally with an architecture specific 
circuit based on the target device. This circuit or “module” is 
also pre-optimized for either area or speed and Warp2 uses 
the appropriate implementation based on user directives. 


The second step of compilation is an interactive process of 
optimizing the design and fitting the logic into the targeted de- 
vice. Logical optimization in Wéarp2 is accomplished using 
Espresso algorithms. The optimized design is automatically fed to 
the Warp2 fitter for targeting a PLD or CPLD. This fitter supports the 
automatic or manual placement of pin assignments as well as au- 
tomatic selection of D or T flip-flops. After the optimization and fitting 
step is complete, Warp2 creates a JEDEC file for the specified PLD 
or CPLD. 


Simulation 


Warp2 includes Cypress’s NOVA Simulator. NOVA features a 
graphical waveform simulator that can be used to simulate 
PLD/CPLD designs generated in Warp2. The NOVA simulator 
provides functional simulation for PLDs/CPLDs and features 
interactive waveform editing and viewing. The simulator also 
provides the ability to probe internal nodes, automatically gen- 
erate clocks and pulses, and generate JEDEC test vectors 
from simulator waveforms. (Higher level simulation support is 
available with Warp2Sim™ [CY3122] and Warp3® [CY3130].) 


Warp2 will also output standard VHDL and Verilog timing mod- 
els. These models can be used with many third-party simula- 
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tors to perform functional and timing verifications of the syn- 
thesized design. 


Programming 


The result of Warp2 compilation is a JEDEC file that implements 
the input design in the targeted device. Using this file, Cypress de- 
vices can be programmed on Cypress's Impulse3™ programmer 
or on any qualified third-party programmer. 


System Requirements 


For PCs 


IBM PC or equivalent (486 or higher recommended) _ 
16 Mbytes of RAM (32 Mbytes recommended) 
100-Mbyte hard disk space 

CD-ROM drive 

Two- or three-button mouse 

Windows 3.1x, Windows 95, or Windows NT 


For Sun Workstations 


SPARC CPU 

SunOS 4.1.3 or Solaris 2.5 

16 Mbytes of RAM (32 Mbytes recommended) 
CD-ROM drive — 


For HP 9000 workstation (700 series) 


HP-UX™ 10 
16 Mbytes of RAM (32 Mbytes recommended) 
CD-ROM drive 


Product Ordering Information 


Product Code Description 
CY3120R42 Warp2 development system 


Warp2 includes: 


CD-ROM with Warp2 and on-line documentation 
VHDL for Programmable Logic Textbook 
Registration Card 

Release Notes 


Document #: 38-00218-F 


CY3120 


Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 


Warp2sim, UltraGen, MAX340, Impulse3, and FLASH370i are a trademarks of Cypress Semiconductor Corporation. 


HP-UX is a trademark of Hewlett Packard Corporation. 


SunOS and Solaris are trademarks of Sun Microsystems Corporation. 
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Warp2sim™ VHDL Development System for PLDs 


- 


Features 


it lg (IEEE 1076 and 1164) high-level language com- 
piler 


— Facilitates device independent design 


— Designs are portable across multiple devices 
and/or CAE environments : 


— Facilitates the use of industry-standard simulation 
and synthesis tools for board and system-level de- 
sign 

— Supports functions and libraries for modular de- 
sign methodology 


Warp2Sim™ provides synthesis of IEEE standards 
1076 and 1164 VHDL including: 


— enumerated types 

— operator overloading 

—for .... generate statements 
— integers | 


Several design entry methods support high and 
low-level design descriptions: 


— Behavioral VHDL (IF ... THEN ... ELSE; CASE ...) 
— Boolean 
— Structural VHDL (RTL) 


— Designs can include multiple VHDL entry methods 
in a single design 


State-of-the-art optimizations and reduction algo- 
rithms 


— Automatic selection of optimal flip-flop type 
(D type/T type) 

— Automatic pin assignment 

UlitraGen™ Synthesis Technology 


—Infers “modules” like adders, comparators, etc., 
from behavioral descriptions 


— Replaces operator internally with an architecture 
specific circuit based on the target device 


—— User selectable speed and/or area optimization ona 
block-by-block basis 


Supports all Cypress Programmable Logic Devices 
—Industry standard PLDs (16V8, 20V8, 22V10) 
—MAX340 CPLDs 

— FLASH370i CPLDs 


VHDL and Verilog timing model output for use with 
third-party simulators 


Timing Simulation provided with ViewLogic’s 
ViewSim™ simulator 


— Command line driven interface 

— Graphical Waveform display 

— Dynamic timing environment 

— Flags setup and hold time violations 
— Test bench support 


fax id: 6259 
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¢ PC (Windows 3.1, 95, NT), Sun (SunOS™, Sun So- 
laris™), and HP platforms 


¢ Motif on Unix workstations 
¢ On-line documentation and help 


Functional Description 


Warp2Sim is a state-of-the-art VHDL compiler for designing 
with Cypress Programmable Logic Devices. Warp2Sim utilizes 
a subset of IEEE 1076 and 1164 VHDL as its Hardware De- 
scription Language (HDL) for design entry. Warp2Sim accepts 
VHDL input, synthesizes and optimizes the entered design, 
and outputs a JEDEC map for the desired PLD or CPLD. (see 
Figure 1). For simulation, Warp2Sim includes ViewLogic’s 
ViewSim package as well as VHDL and Verilog models for use 
with third-party simulators. 


DESIGN 
ENTRY 


SYNTHESIS 


FOR 
PLDs/CPLDs 


OPTIMIZATION 


c 
Ss 
Ss 
6 
rt 
fo} 
Oo 
= 
< FITTING 
= 

VHDL & Verilo 

TIMING MODEL 

DEVICE 

PROGRAMMER 
P-4 
ie) x 
iS WAVEFORM TIMING TIMING |- 
= EDITOR SIMULATOR ANALYZER 
fh : 
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Figure 1. Warp2Sim Design Flow 
The Cockpit for WorkView PLUS and PowerView 


The Viewlogic WorkView PLUS and PowerView graphical user 
interface (GUI) is built around a file/tool manager called “the 
cockpit”. The cockpit is used to select the project and current 
tool set in use. The cockpit allows users to select from a variety 
of design environments called toolboxes. 


W 
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Toolbars for WorkView Office | 


~~ 


\ 


The Viewlogic WorkView Office graphical user interface (GUI) 
for accessing various tools is the toolbar. There are two tool- 
bars, one for WorkView Office, and one for Warp™. 


VHDL Compiler 


VHDL (VHSIC Hardware Description Language) is a powerful, 
non-proprietary language that is a standard for behavioral de- 
sign entry and simulation, and is supported by every major 
vendor of CAE tools. VHDL allows designers to learn a single 
language that is useful for all facets of the design process. 


VHDL offers designers the ability to describe designs at many 
different levels. At the highest level, designs can be entered as 
a description of their behavior. This behavioral description is 
not tied to any specific target device. As a result, simulation 
can be done very early in the design to verify correct function- 
ality, which significantly speeds the design process. 


Warp2Sim’s VHDL syntax also includes support for intermedi- 
ate level entry modes such as state tables and boolean entry. 
At the lowest level, designs can be described using gate-level 
RTL (Register Transfer Language) descriptions. Warp2Sim 
gives the designer the flexibility to intermix all of these entry 
modes. 


In addition, VHDL allows you to design hierarchically, building 
up entities in terms of other entities. This allows you to work 
either “top-down” (designing the highest levels of the system 
and its interfaces first, then progressing to greater and greater 
detail) or “bottom-up” (designing elementary building blocks of 
the system, then combining these to build larger and larger 
parts) with equal ease. 


Because VHDL is an IEEE standard, multiple vendors offer 
tools for design entry and simulation at both high and low lev- 
els, and synthesis of designs to different silicon targets. The 
use of device independent behavioral design entry gives users 
the freedom to retarget designs to different devices. The wide 
availability of VHDL tools provides complete vendor indepen- 
dence as well. Designers can begin their project using 
Warp2Sim for Cypress CPLDs and convert to high volume 
gate arrays using the same VHDL behavioral description 
with industry-standard synthesis tools. 


The VHDL language allows users to define their own functions. 
User-defined functions allow users to extend the capabilities 
of the language and build reusable libraries of tested routines. 
As a result the user can produce complex designs faster than 
with ordinary “flat” languages. VHDL also provides control over 
the timing of events or processes. VHDL has constructs that 
identify processes as either sequential, concurrent, or a com- 
bination of both. This is essential when describing the interac- 
tion of complex state machines. 


VHDL is a rich programming language. Its flexibility reflects the 
nature of modern digital systems and allows designers to cre- 
ate accurate models of digital designs. Because of its depth 
and completeness, it is easier to describe a complex hardware 
system accurately in VHDL than in any other hardware de- 
scription language. In addition, models created in VHDL can 
readily be transported to other CAE Environments. Warp2Sim 
supports IEEE 1076 and 1164 VHDL including loops, for ... 
generate statements, full hierarchical designs with packag- 
es, as well as synthesis for enumerated types and integers. 
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Designing with Warp2Sim 

Design Entry 

Warp2Sim descriptions specify 

1. The behavior or structure of a design, and 


2. The mapping of signals in a design to the pins of a 
PLD/CPLD (optional) 


The part of a Warp2Sim description that specifies the behav- 
ior or structure of the design is called an entity/architecture 
pair. Entity/architecture pairs, as their name implies, can be 
divided into two parts: an entity declaration, which declares 
the design’s interface signals (i.e., defines what external sig- 
nals the design has, and what their directions and types are), 
and a design architecture, which describes the design’s be- 
havior or structure. 


The entity portion of a design file is a declaration of what a 
design presents to the outside world (the interface). For each 
external signal, the entity declaration specifies a signal name, 
a direction and a data type. In addition, the entity declaration 
specifies a name by which the entity can be referenced in a 
design architecture. In this section are code segments from 
four sample design files. The top portion of each example fea- 
tures the entity declaration. 


Behavioral Description 


The architecture portion of a design file specifies the function 
of the design. Multiple design-entry methods are supported 
in Warp2Sim. A behavioral description in VHDL often in- 
cludes well known constructs such as If... Then ...Else, and 
Case statements. Here is a code segment from a simple 
state machine design (soda vending machine) that uses 
behavioral VHDL to implement the design: 


LIBRARY ieee; 
USE ieee.std_logic_1164.all1; 


ENTITY drink IS 


PORT 


(nickel,dime,quarter,clock:in std_logi 
a> : 


returnDime, returnNickel,giveDrink:out 
std_logic) ; 
END drink; 
ARCHITECTURE fsm OF drink IS 
TYPE drinkState IS (zero,five,ten, fifteen, 
twenty, twentyfive, owedime) ; 
SIGNAL drinkstatus:drinkState; 
BEGIN 


PROCESS: BEGIN 


WAIT UNTIL clock = ‘1°; 
giveDrink <= ‘0’; 
returnDime <= ‘0’; 


returnNickel <= ‘0’; 


CASE drinkStatus IS 
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WHEN zero => Count = count: t+.by 
IF (nickel = ‘1’) THEN WHEN 34 (ince i Ree | sere Se 
drinkStatus <= drinkStatus’SUCC Shee 77s 
(drinkStatus) ; count <= count + 1; 
-- goto Five WHEN x" O" (|) RAO" eS 
ELSIF (dime = ‘1’) THEN Saget Lois 
drinkStatus <= Ten; Count. <= count. +. sls 
ELSIF (quarter = ‘1’) THEN WHEN others => 
drinkStatus <= twentyfive; Sm: TOO 
END IF; Count.<= (ethers aS: #0" )3 
WHEN five => END CASE; 
IF (nickel = ‘1') THEN 
drinkStatus <= ten; BND: ERO es 
ELSIF (dime = ‘1’) THEN 
drinkStatus <= fifteen; eR Eras 
ELSIF (quarter = ‘1’) THEN In this example, the + operator is overloaded to accept both 


GiveDrink <= "17% 
drinkStatus <= drinkStatus’ PRED 
(drinkStatus) ; 
-- goto Zero 
END IF; 


WHEN owedime => 
returnDime <= ‘1’; 
drinkStatus <= zero; 


when others => 
-- This makes sure that the state 
-- machine resets itself if 


-- it somehow gets into an undefined state. 
drinkStatus <= zero; 
END CASE; 
END PROCESS; 


END FSM; 


VHDL is a strongly typed language. It comes with several pre- 
defined operators, such as + and /= (add, not-equal-to). VHDL 
offers the capability of defining multiple meanings for operators 
(such as +), which results in simplification of the code written. 
For example, the following code segment shows that “count <= 
count +1” can be written such that count is a std_logic_vector, 
and 1 is an integer. 


LIBRARY ieee; 
USE ieee.std_logic_1164.all; 
USE work.std_arith.all; 


ENTITY sequence IS 
port. (clk: 1m stdlogic; 
Ss + -inout. std. logic); 
end sequence; 


ARCHITECTURE fsm OF sequence IS 

SIGNAL count: std_logic_vector(3 downto 0); 
BEGIN 

PROCESS BEGIN 


WAS UN TET. GbR 2h es 
CASE count IS 


WHEN x40" | x44 | > aed | x3" => 


integer and std_logic arguments. Warp2Sim supports over- 
loading of operators. 


Functions 


A major advantage of VHDL is the ability to implement func- 
tions. The support of functions allows designs to be reused by 
simply specifying a function and passing the appropriate pa- 
rameters. Warp2Sim features some built-in functions such 
as ttf (truth-table function). The ttf function is particularly 
useful for state machine or look-up table designs. The fol- 
lowing code describes a seven-segment display decoder im- 
plemented with the ttf function: 


LIBRARY ieee; 
USE ieee.std_logic_1164.all1; 
USE work.table_std.all; 


ENTITY seg7 IS 
PORT ( 
inputs: IN STD_LOGIC_VECTOR (0 to 3) 
outputs: OUT STD_LOGIC_VECTOR (0 to 6) 
3 
END SEG7; 


ARCHITECTURE mixed OF seg7 IS 


CONSTANT truthTable: 
Ett table: (0 “to: 11,. 0 te 10) +=. { 


-- input& output 
*"OO007&. “OTA; 
"0001”& ”0000110”", 
"OOO". “LOE LOT, 
“OOLI"& #1001111"; 
2OLOO"S. PLIOOLLO*; 
AOLOL ee: PULL, 
POUT the. “TTL Ls 
COLL ee MOCOOLLL, 
ATO0O"S “TAT, 
LOO Lee FL OL Let; 
"101-"& "1111100", --creates E pattern 
“111-"& “1111100” 
3 

BEGIN 


outputs <= ttf(truthTable, inputs) ; 


END mixed; 


) 
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Boolean Equations 


A third design-entry method available to Warp2Sim users is 
Boolean equations. Figure 7 displays a schematic of a simple one-bit 
half adder. The following code describes how this one-bit half adder 
can be implemented in Warp2Sim with Boolean equations: 


i 


LIBRARY ieee; 
USE ieee.std_logic_1164.all; 


--entity declaration 
ENTITY half _adder IS 
PORT (x, y : IN std_logic; 
sum, carry : OUT std_logic); 
END half_adder; 
--architecture body 
ARCHITECTURE behave OF half_adder IS 
BEGIN 
sum <= xX XOR y; 
Carry <= X-AND vy; 
END behave; 


Structural VHDL (RTL) 


Figure 2. One Bit Half Adder 


While all of the design methodologies described thus far are 
high-level entry methods, structural VHDL provides a method 
for designing at a very low level. In structural descriptions (also 
called RTL), the designer simply lists the components that 
make up the design and specifies how the components are 
wired together. Figure 3 displays the schematic of a simple 3-bit 
shift register and the following code shows how this design can 
be described in Warp2Sim using structural VHDL: 


LIBRARY ieee; 
USE ieee.std_logic_1164.all; 
USE work.rtlpkg.all; 


ENTITY shifter3 IS port ( 
clk : IN STD_LOGIC; 
x i IN STD LOGIC: 
gO: ¥-OUT- STD LOGIC: 
gl: fs “OUP STD: LOGIC: 
q2° 3 OUT STD-LOGIC); 
END shifter3; 


ARCHITECTURE struct OF shifter3 IS 
SIGNAL gO_temp, gql_temp, q2_temp : 
BEGIN 
dl : DFF PORT MAP(x,clk,q0_temp) ; 
d2 : DFF PORT MAP(qg0_temp,clk,ql_temp); 
d3 : DFF PORT MAP(ql_temp,clk,q2_temp); 
qOQ <= q0_temp; 
QL. <=ql temp: 
q2 <= q2_temp; 

END struct; 


STD_LOGIC; 
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All of the design-entry methods described can be mixed as 
desired. The ability to combine both high- and low-level entry 
methods in a single file is unique to VHDL. The flexibility and 
power of VHDL allows users of Warp2Sim to describe designs 
using whatever method is appropriate for their particular design. 


clk 


Figure 3. Three-Bit Shift Register Circuit Design 


Compilation 


Once the VHDL description of the design is complete, it is 
compiled using Warp2Sim. Although implementation is with a sin- 
gle command, compilation is actually a multistep process. The first 
part of the compilation process is the same for all devices. The input 
VHDL description is synthesized to a logical representation of the 
design. Warp2Sim synthesis is unique in that the input language 
(VHDL) supports device-independent design descriptions. Com- 
peting programmable logic compilers require very specific and de- 
vice-dependent information in the design description. 


Warp2Sim Synthesis is based on UltraGen Technology. This 
technology allows Warp2Sim to infer “modules” like adders, 
counters, comparators, etc., from behavioral descriptions. 
Warp2Sim then replaces that operator internally with an archi- 
tecture specific circuit based on the target device. This circuit 
or “module” is also pre-optimized for either area or speed and 
Warp2Sim uses the appropriate implementation based on 
user directives. 


The second step of compilation is an interactive process of 
optimizing the design and fitting the logic into the targeted de- 
vice. Logical optimization in Warp2Sim is accomplished using 
Espresso algorithms. The optimized design is automatically fed to 
the Warp2Sim fitter for targeting a PLD or CPLD. This fitter supports 
the automatic or manual placement of pin assignments as well as 
automatic selection of D or T flip-flops. After the optimization and 
fitting step is complete, Warp2Sim creates a JEDEC file for the 
specified PLD or CPLD. 


Simulation 


The last step in the design process before programming is 
verifying the timing of your design. For this, Warp2Sim includes 
the ViewSim timing simulator. During compilation, delays that result 
from fitting the input design are “written” into an internal file for use 
by the Warp2Sim simulator. This information represents worst-case 
path delays for the design as fit in the selected device. Delays are 
based on the type of device and speed grade selected. 


One of the ways to simulate is with the command-line interface 
to ViewSim. From the command line, the designer can specify 
the state of inputs (high, low, X, etc.) and watch how outputs 
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behave over a specified time frame. In this way users can eas- 
ily step through test cases and view the output results. Stimu- 
lus can be entered from the command line or from a file. 


In addition to Viewsim, Warp2Sim will output VHDL and Verilog 
timing models for numerous other simulators. 


¢ VHDL 
— Mentor (Model Technology and QuickHDL) 
— Cadence (Leapfrog) 


— Synopsys (Vgs) 

— Viewlogic (Vantage, SpeedWave) 
¢ Verilog 

— Cadence (Verilog - XL) 

— Veribest Inc. 


Waveform Editor 


A graphical method of simulation uses the Viewlogic waveform 
editor, ViewTrace”’, in conjunction with ViewSim. With 
ViewTrace users can input stimulus from a file or graphically 
via digital waveforms. Outputs are viewed as digital waveforms 
that reflect the timing delays of the device as programmed. 
ViewTrace is interactive, allowing modifications of the stimulus 
and re-simulation of the results without re-running synthesis 
tools. 


If user inputs violate device specifications the Warp2Sim simu- 
lator will detect the violation and warn the user. For example, if an 
input changes immediately before a CLK rise (violating the device 
set-up time) Warp2Sim will issue a warning and highlight the offend- 
ing signal. The same occurs for all other timing violations. 


Programming 


The result of Warp2Sim compilation is a JEDEC file that imple- 
ments the input design in the targeted device. Using this file, Cy- 
press devices can be programmed on Cypress’s /mpulse3 pro- 
grammer or on any qualified third-party programmer. 


System Requirements 


For PCs 


IBM PC or equivalent (486 or higher recommended) 
16 Mbytes of RAM (32 Mbytes recommended) 
100-Mbyte hard disk space 

CD-ROM drive 

Two- or three-button mouse 
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Windows 3.1 with WorkView PLUS 
Windows 95, NT with WorkView Office 
For Sun Workstations 


SPARC CPU 

SunOS 4.1.3 or Solaris 2.5 

16 Mbytes of RAM (82 Mbytes recommended) 
CD-ROM drive 


For HP 9000 workstation (700 series) 


HP-UX™ 10.x 
16 Mbytes of RAM (82 Mbytes recommended) 
CD-ROM drive 


Product Ordering Information 


CY3122R42 Warp2Sim development system for PCs 


CY3127R42 Warp2Sim development system for 


workstations 


Warp2Sim includes: 


CD-ROM with Warp2Sim and on-line documentation 
CD-ROM with ViewLogic WorkView Office release 7.3 and 
on-line documentation 


VHDL for Programmable Logic Textbook 
Registration Card 

Release Notes 

Hardware Key (PC ) 

Warp User’s Guide and Reference Manual 


Warp2Sim, Warp, UltraGen, MAX340, and FLASH370i are trademarks of Cypress Semiconductor Corporation. 


HP-UX is a trademark of Hewlett Packard Corporation. 


SunOS and Solaris are trademarks of Sun Microsystems Corporation. 
ViewSim and ViewTrace are trademarks of ViewLogic Corporation. 
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Features 


¢ Sophisticated PLD design and verification system 
based on VHDL 


¢ Warp3® is based on Viewlogic’ s Powerview™ (Sun and 
HP), and Workview Plus™ and Workview Office™ (PC) 
design environments 


— Advanced graphical user interface for Windows and 
Sun/HP Workstations 


— Schematic capture (ViewDraw) 

— Source-level Simulator (SpeedWave) 

— Interactive timing simulator (ViewSim) 

— Waveform stimulus and viewing (ViewTrace) 
— Textual design entry using VHDL 


— Mixed-mode design entry support 


The core of Warp3 is an IEEE1076 and 1164 standard 
VHDL compiler 


— VHDL is an open, powerful design language 
— VHDL (IEEE standard 1076 and 1164) facilitates de- 


sign portability across devices and/or CAD plat- 
forms 


— VHDL facilitates the use of industry-standard simu- 
lation and synthesis tools for board and system-level 
design 


SYMBOL 


4 SCHEMATIC 
EDITOR 


EDITOR 


COMPILER 
NETLIST 
EXTRACTOR 


LOGIC 
SYNTHESIZER 


SUPPORT FOR ALL 
CYPRESS PLDs 
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Warp3s VHDL Development 
— System for PLDs 


— VHDL facilitates hierarchical design with support for 
functions and libraries 


¢ Support for ALL Cypress PLDs and CPLDs including: 


— Industry-standard 20- and 24-pin devices like the 
22V10 


— Cypress 7C33X family of 28-pin PLDs 
— MAX340™ (MAX5000 Series) CPLDs 
— FLASH370i™ CPLDs 


Introduction 


As the capacity and complexity of programmable logic in- 
creased dramatically over the last couple of years, users be- 
gan to demand software tools that would allow them to man- 
age this growing complexity. They also began to demand 
design-entry standards that would allow them to spend more 
time designing with PLDs rather than learning a vendor’s pro- 
prietary software package. Thus, Hardware Description Lan- 
guages (HDLs) in general, and VHDL (Very high speed inte- 
grated-circuit Hardware Description Language) in particular, 
have emerged as the standard methodology for integrated-cir- 
cuit and system design. 


While the design community debated whether VHDL could be- 
come the standard for PLDs, Cypress took an industry leading 
position by introducing the first native VHDL compiler for pro- 
grammable logic—our Warp™ software tools. 


SIMULATOR 


NETLIST 


EXTRACTOR 


PROGRAMMER 


Figure 1. Warp3 Design Flow 
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Functional Description 


Warp3 is an integration of Cypress’s advanced VHDL synthe- 
sis and fitting technology with Viewlogic’s sophisticated CAE 
design environment. On the PC platform, Warp3 includes Cy- 
press’s VHDL compiler and Viewlogic’s WorkView PLUS soft- 
ware for Microsoft Windows 3.1, and WorkView Office soft- 
ware for Windows 95 and NT. On the Sun and HP platforms, 
Warp3 includes Cypress’s VHDL compiler and Viewlogic’s 
PowerView software. 


Design Flow 


Figure 1 displays a block diagram of the typical design flow in 
Warp3. Designs can be entered in VHDL text or schematic 
capture. In fact, Warp3 supports mixing these approaches on 


individual designs. Designs are then functionally verified using 


the Warp3 functional simulator. The third step is to compile the 
design and target a PLD or CPLD. After synthesis, the wave- 
form timing simulator is used to verify design timing as pro- 
grammed in the chosen device. If the simulation results are 
satisfactory, the JEDEC or netlist file is used to program the 
targeted device. A detailed description of each step follows. 


Specifically, the Warp3 Design Flow includes the following: 


Viewlogic GUI (Cockpit/Project Navigator) 
IEEE1076 and 1164 VHDL Synthesis 

Schematic Capture (ViewDraw) 

Source-level Simulation (SpeedWave) 

Hierarchy Navigator | 

Mixed-mode Design Entry 

Waveform Editor (ViewTrace) 

VHDL Timing Simulator (ViewSim) 

Device fitters for all Cypress PLDs/CPLDs/PROMs 


The Cockpit for WorkView PLUS and PowerView 


The Viewlogic WorkView PLUS and PowerView graphical user 
interface (GUI) is built around a file/tool manager called “the 
cockpit”. The cockpit is used to select the project and current 
tool set in use. The cockpit allows users to select from a variety 
of design environments called toolboxes. 


Warp3 
(CY3130/CY3135) 


Toolbars for WorkView Office 


The Viewlogic WorkView Office graphical user interface (GUI) 
for accessing various tools is the toolbar. There are two tool- 
bars, one for WorkView Office, and one for Warp. Figure 2 
shows these two toolbars. 


Design Entry 


Text Editor 


Text entry is done with industry standard VHDL. Warp3 can 
synthesize a rich set of the VHDL language in conformance 
with IEEE standard 1076 and 1164. This includes support for 
Behavioral, Boolean, State Table and Structural VHDL entry. 


_.. Text entry is ideal for describing complex logic functions such 


as state machines or truth tables. With VHDL, the behavior of 
a state machine can be described in concise, easily-readable 
code. In addition, the hierarchical nature of VHDL allows very 
complex functions to be described in a modular, top-down or 
bottom-up fashion. For more information on VHDL see the 


-Warp2® (CY3120) or the Warp2Sim™ (CY3122) datasheet. 


Schematic Capture 


Warp3 users can also enter designs graphically with a sophis- 
ticated schematic capture system (ViewDraw). With schematic 
entry, designers can quickly describe a variety of common log- 
ic functions from simple logic gates to complex arithmetic func- 
tions. See Figure 3. 


Warp3 also supports the use of the LPM (Library of Parame- 
terized Modules) Standard for Cypress. 


Within Warp3, users have access to an extensive symbol li- 
brary of standard components and macro functions. These in- 
clude: | 

adders/multipliers 

counters 

gates (AND, OR, XOR, INV, & BUF) 


io (singles, buses, three-states, clk-pads, hd-pad, gnd, & 
vcc) 


macrocells 

memory (assorted flip-flops and latches) 

mux (decoders and multiplexers) 

registers, shift registers and universal registers 
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Figure 3. ‘Schematics with ViewDraw 


In addition, the designer may create custom functions that can 
be used in any Warp3 design. 


Symbol Editor 


The Warp3 schematic capture tools also provide methods to 
create symbols for schematics and VHDL blocks. Using the 
Viewgen utility, symbols are automatically generated from low- 
er-level schematic data. Using the VHDL2SYM utility, symbols 


are automatically generated from VHDL text files. Symbols are 


useful for creating a design hierarchy to easily describe com- 
plex designs. 


Mixed-mode Entry 


Perhaps the most powerful design entry methodology in 
Warp3 is the combination of the above methods. In most de- 
signs, some portions of the circuit are most easily described in 
schematic form while others are best described in text. Typi- 
cally, standard logic components such as counters, adders 
and registers are best implemented by retrieving components 
from the Warp3 schematic symbol library. Meanwhile, text en- 
try is usually preferred for describing sections of the circuit 
design that implement control logic. In particular, state ma- 
chines are often much easier to describe with behavioral 
VHDL than with schematic components. Combining these 
methods in a single design simplifies the input process and 
shortens the design cycle time. 


As mentioned above, Warp3 can automatically generate sym- 
bols for text and schematic designs. This capability facilitates 
hierarchical design entry by allowing users to represent com- 
plex functions with a symbol. The top level of the design may 
be represented by the connection of a small number of sym- 
bols representing the main functional blocks. To move to lower 
levels in the design the user can push into selected symbols. 
If the underlying design is described in VHDL, a text window 
will be Jaunched with the design file. If the underlying design is 
a schematic, a ViewDraw window will be opened with the sche- 
matic design. There is no limit to the number of levels of hier- 
archy used or the number of symbols in a particular design. 


Design Verification 


Functional Simulation 


Verifying functionality early in the design process can greatly 
reduce the number of design iterations necessary to complete 
a particular design. Using SpeedWave the functionality of the 
design can be verified with textual stimulus from the keyboard 
or from a file. ViewTrace can be used in conjunction with 
SpeedWave to simulate the design functionality graphically. 
The simulation process is described in detail below. 


VHDL Source-level Simulation 


A unique and powerful feature of Warp3 is the source-level 
VHDL simulator. The VHDL debugger works in concert with 
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the Warp3 simulator and waveform editor. The simulator al- 
lows users to graphically step through VHDL code and monitor 
the results textually or in waveforms. After each single step the 
simulator highlights the VHDL text representing the current 
state of the simulation. Simultaneously waveform and text win- 
dows can display the inputs and outputs of the design. 


Note that a design does not have to be entered in VHDL text 
to use the VHDL simulator. Since Warp3 converts design 
schematics, etc. to VHDL before compilation, this VHDL rep- 
resentation can be single stepped to verify design functionality. 


Hierarchy Navigator 


Another powerful debugging tool within Warp3 is the hierarchy 
navigator (Viewnav). The navigator allows users to select a net 
or node at one level of the design and automatically trace that 
net through all levels of the hierarchy. This is very useful for 
tracing signal paths when looking for design errors. 


Compilation 


VHDL Synthesis 


e For synthesis Warp3 supports a rich subset of VHDL 
including 


— Enumerated types 

— Integers 

— For... generate loops 
— Operator overloading 
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Once design entry is complete and functionality has been ver- 
ified, the entire design is converted to VHDL using the “Export 
1164” utility on schematic modules. At this point in the design 
there is a VHDL description of the entire design. This VHDL 
description is fed to the Cypress VHDL compiler for logic opti- 
mization, fitting, and translation to a device programming file. 
Although compilation is a multistep process, it appears as a 
single step to the user (as shown in Figure 1). 


The first step in compilation is synthesizing the input VHDL 
into a logical representation of the design in terms of compo- 
nents found in the target device (AND gates, OR gates, 
flip-flops etc.). Warp3 synthesis is unique in that the input lan- 
guage (VHDL) supports device-independent design descrip- 
tions. Competing programmable logic compilers require very 
specific and device-dependent information in the design file. 


Device Fitting 
¢ State-of-the-art optimization and reduction algorithms 
— Optimization for flip-flop type (D type/T type) 
— Automatic pin assignment 
— User-specified state assignment (Gray code, binary, 
one-hot) 


For PLDs and CPLDs, the second phase of the compilation is 
an iterative process of optimizing the design and fitting the 
logic into the targeted device (see Figure 4). Logical optimiza- 
tion in Warp3is accomplished with Espresso algorithms. Once 
optimized, the design is fed to the device-specific fitter which 


reate Signals of the enmunerated type for states 


signal CURRENT STATE, NEXT STATE: STATE_TYPE; 
signal NICKEL OUT_int, DIME_OUT_int, DISPENSE_int: STD_LOGIC; 


egin 


~ Define state machine process 


STATE: process (NICKEL IN, DIME IN, QUARTER IN, RESET) 


begin 


~~ Default assignments 


NEXT STATE <= CURRENT STATE; 


NICKEL _OUT_int <= '0'; 


i 
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applies the design to the selected device (see Figure 5). 
Warp3 fitters support manual or automatic pin assignments as 
well as automatic selection of D-type or T-type flip-flops. After 
optimization and fitting are complete, Warp3 will create a JE- 
DEC file used to program the device. ) 


Figure 5. Device Fitting Dialog Box 


Automatic Error Tracking 


Of course, the compilation process may not always go as 
planned. VHDL syntax errors should be identified and correct- 
ed in the pre-synthesis functional simulation stage. During the 
compilation phase, Warp3 will detect errors that occur in the 
fitting process. Warp3 features automatic error location that 
allows problems to be diagnosed and corrected in seconds. 
Errors from compilation are displayed immediately in a pop-up 
window (see Figure 4). If the user highlights a particular error, 
Warp3 will automatically open the source code file and high- 
light the offending line in the entered design. If the device fitting 
process includes errors, a pop-up window will again describe 
them. In addition, a detailed report file is generated indicating 
the resources required to fit the input design and any problems 
that occurred in the process. 


Simulation 


The last step in the design process before programming is 
verifying the timing of your design. For this, Warp3 includes the 
ViewSim VHDL timing simulator. During compilation, delays 
that result from fitting the input design are “written” into an 
internal file for use by the Warp3 simulator. This information 
represents worst-case path delays for the design as fit in the 
selected device. Delays are based on the type of device and 
speed grade selected. 


One of the ways to simulate is with the command-line interface 
to ViewSim. From the command line, the designer can specify 
the state of inputs (high, low, X, etc.) and watch how outputs 
behave over a specified time frame. In this way users can eas- 
ily step through test cases and view the output results. Stimu- 
lus can be entered from the command line or from a file. 


In addition to ViewSim and SpeedWave, Warp3 will output 
VHDL and Verilog timing models for numerous other simula- 
tors. 


¢ VHDL 
— Mentor (Model Technology and Quicksim) 


Warp3 
(CY3130/CY3135) 


— Cadence (Leapfrog) 

— Synopsys (Vgs) 

— Viewlogic (Vantage) 
* Verilog 

— Cadence 

— Intergraph 


Waveform Editor 


A graphical method of simulation uses the Viewlogic waveform 
editor, ViewTrace, in conjunction with ViewSim or SpeedWave. 

With ViewTrace users can input stimulus from a file or graphi- 
cally via digital waveforms. Outputs are viewed as digital wave- 
forms that reflect the timing delays of the device as pro- 
grammed. ViewTrace is interactive, allowing modifications of 
the stimulus and re-simulation of the results without re-running 
synthesis tools. 


If user inputs violate device specifications the Warp3 simulator 
will detect the violation and warn the user. For example, if an 
input changes immediately before a CLK rise (violating the 
device set-up time) Warp3 will issue a warning and highlight 
the offending signal. The same occurs for all other timing vio- 
lations. 


Programming 


After the design is compiled and verified, the targeted device 
is ready for programming. The program file generated in 
Warp3 (a JEDEC file) is used as input to a device programmer. 
Cypress offers an inexpensive programmer, the Impulse3™ 
based on Data |/O’s ChipLab™, that programs all Cypress 
PLDs. Alternatively, customers can use any one of several 
qualified third-party programmers from vendors such as Data 
/O, BP Microelectronics, SMS and Logical Devices. 


System Requirements 


PC Platform 


80486-based IBM PC 

Microsoft Windows V3.1 if running WorkView PLUS 
Microsoft Windows 95 or NT (4.0) if running WorkView Office 
16 Mbytes of RAM (32 Mbytes recommended) 

110 Mbytes Disk Space 

CD-ROM drive 


Sun Platform 


SPARC CPU 

Sun OS 4.1.3 or Solaris 25 

Motif GUI 

16 Mbytes of RAM (32 Mbytes eee 
120 Mbytes of Disk Space 

CD- ROM drive 


HP Platform 


HP700 Series CPU 

OS 10.x 

Motif GUI 

16 Mbytes of RAM (32 Mbytes recommended) 
130 Mbytes of Disk Space 

CD-ROM drive 
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Ordering Information CY3135R42 Warp3 PLD Development System on a 
UNIX/SUN Workstation includes: 

CY3130R42 Warp3 PLD Development System on the PC in- CD-ROM with Warp3 software and on-line documentation 
cludes: CD-ROM with PowerView software and on-line 

CD-ROM with Warp3 software and on-line documentation documentation for SunOS 

CD-ROM with WorkView Office software and on-line CD-ROM with PowerView software and on-line 

documentation documentation for Solaris 

Warp3 Viewlogic hardware key CD-ROM with PowerView software and on-line 

Warp3 User’s Guide documentation for HP 

Warp3 Reference Manual PowerView documentation User's Guide 

VHDL for Programmable Logic textbook Warp3 User’s Guide 

License and registration form Warp3 Reference Manual 


VHDL for Programmable Logic textbook 
License and registration form 


Document #: 38-00242-E 


FLASH370i, Warp, MAX340, Warp2Sim, and Impulse3 are trademarks of Cypress Semiconductor Corporation. 
Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 

PowerView and WorkView are registered trademarks of Viewlogic Systems, Inc. 

ChipLab is a trademark of Data I/O Corporation. 
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Support for Cypress programmable logic devices is available 
in many software products. from third-party vendors. Some 
companies include support for the entire design process in 
products that they sell. Others provide software for a portion of 
the design process (i.e., schematic capture, synthesis, or sim- 
ulation) and interface with Cypress’s Warp™ software tools to 
complete the design flow. This section will describe the design 
flow using these third-party software products and will de- 
scribe the interface between these products and Cypress’s 
Warp software. 


In describing the design flow through these tools, it is useful to 
break the process into its major functional blocks. Figure 1 
shows these blocks. A similar figure is included for each of the 
third-party products, and the portions of this flow that are cov- 
ered by that product are highlighted. Where applicable, the 
portion of the flow covered by Cypress’s Warp software is also 
highlighted. . 


At the top of each figure are the “Text” and “Sch” blocks. These 
represent hardware description language (HDL) entry and 
schematic capture, respectively. Some tools offer design sim- 
ulation at the design entry stage. This is known as “pre-syn- 
thesis” simulation, and is represented by “Simulation” block. 


After design entry and simulation are complete, the design 
description is synthesized. The “Synthesis” block represents 
the translation of the design description into logic equations, 
and the optimization of these equations to a device architec- 
ture. The next step is device fitting, represented by the “Fitting” 
block. Here, the logic equations are mapped into the resources 
of the device. The result of “Fitting” is a file used to program 
the device. 


The last block in the flow diagram is “Device Sim.” This corre- 
sponds to simulation of the design according to its implemen- 
tation in the device. Some simulators will take the timing pa- 
rameters (i.e., propagation delay) of the device into account, 
and will provide simulation results consistent with this timing. 
Others will verify that the programming file is functionally con- 
sistent with the design description, but will not contain device 
timing information. 


Finally, along the left of the diagram is the Design Flow Man- 
ager. The Design Flow Manager keeps track of the design pro- 
cess for the user. This module typically informs the designer 
which steps of the design flow have been completed and which 
have not. This flow manager can also be used to launch vendor 
tools such as Warp synthesis. 


PRELIMINARY 


Design Flow Manager 
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Third-Party 


Tool Su or 


Fitting 


Program File 


Figure 1. 


Contents 


RTGEN 
Concept, Composer 
SAT 
(CC 


Logical Devices CUPL 
Mentor Graphics Design Architect 


OrCAD 


PLD386+ 


Synario Design ABEL4/ABEL5/ABEL6 
Synario Design 
Synopsys Design Compiler 
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Acugen Cadence Design Systems 

Product Product 

ATGEN Cadence Concept or Cadence Composer 

Device Support Device Support 


Small PLDs, FLASH370i™ 
Input Format 

JEDEC file 

Required Cypress Product 
Warp2®, Warp2Sim™, or Warp3® 
Design Flow Description 


Acugen’s ATGEN software can automatically generate test 
vectors to be used with device programmers or with automatic 
test equipment (ATE) for Cypress PLDs and CPLDs. The JE- 
DEC file output by Warp is read into the ATGEN software, 
where test vectors are generated for the design. ATGEN can 
output a JEDEC file with test vectors to be used on a device 
programmer, or a test program to be used on a tester. 


1 Available from Cypress 
Available from Acugen 


Figure 2. 


Small PLDs, MAX340™, FLASH370i, Ultra37000™ 
Input Format 

Schematic Entry and VHDL 

Required Cypress Product 

Cypress Cadence Bolt-in Kit 

Design Flow Description 


Both schematic and textual designs (VHDL) are supported us- 
ing the Cadence Concept or Composer schematic capture 
tools. The Warp software interfaces to these tools and pro- 
vides the synthesis and fitting steps of the design flow. Timing 
information and simulation models are then produced by Warp 
and fed back into the Cadence environment for device-level 
simulation. Programming files are also produced for device 
programming. 
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‘11? To be available from Cypress 
Available from Cadence 


Figure 3. 
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Exemplar Logic 


Product 

Galileo 

Device Support 

Small PLDs, MAX340, FLASH370i, (Ultra37000) 


Input Format 


VHDL, Verilog, OpenABEL, Berkeley PLA, EIL, EDIF, ADL, 
XNF 


Required Product 
Warp2, Warp2Sim, or Warp3 
Design Flow Description 


Exemplar Logic’s Galileo synthesis software accepts any of 
the above file formats and synthesizes the logic to any of the 
Cypress programmable logic devices. Galileo outputs a PLA 
file that can be read into any of the Warp tools, where device 
fitting and JEDEC (programming file) output occurs.. Galileo 
can also provide timing simulation for the design once fitting 
has been performed. 


Fitting 
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C1 Not available 
:."t Available from Cypress 
1 Available from Exemplar 


Figure 4. 


Flynn Systems 


Product 
FS-ATG 


Device Support 

Small PLDs, MAX340, FLASH370i 
Input Format 

JEDEC file 

Required Cypress Product 
Warp2, Warp2Sim, or Warp3 
Design Flow Description 


Using FS-ATG from Flynn Systems, users can automatically 
generate test vectors to be used on device programmers or 
in-circuit testers. The JEDEC file output by Warp is read into 
the FS-ATG software, where test vectors are generated auto- 
matically. The user can enter constraints for this generator as 
desired. FS-ATG then outputs the JEDEC file with test vectors, 
to be used on a device programmer. It also outputs test vector 
files that can be translated for use with an in-circuit tester. This 
translator will take the test vectors and convert them to an 
automatic test equipment program. 
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Available from Cypress 
Available from Flynn Systems 


Figure 5. 
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IsData Logical Devices 

Product Product 

LOG/iC2 or LOG/iC Classic CUPL 

Device Support Device Support 

Small PLDs, MAX340, FLASH370i, (Ultra37000) Small PLDs, MAX340, FLASH370i 

Input Format Input Format 

LOG/iC-HDL CUPL-HDL 

Required Cypress Product Required Cypress Product 

Warp2, Warp2Sim, or Warp3 None 

Design Flow Description Design Flow Description 


Design entry in LOG/iC is done using schematic capture or Design entry is done using Logical Devices’ proprietary CUPL 
IsData’s proprietary LOG/iC hardware description language. hardware description language. Source-code simulation is 
After design description and debugging of the source code, the used to catch design errors before the design is synthesized 
design is synthesized and fit to a Cypress PLD or CPLD via and fit to a Cypress device. 

the Warp2, Warp2Sim, or Warp3 software. After synthesis and . 

fitting, the software outputs a programming file. Simulation is 
also available to complete the design flow. 
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Not available 
Available from Logical Devices 


Available from Cypress Figure 7. 


Available from IsData 


Figure 6. 
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Mentor Graphics 


Product 

Design Architect 

Device Support 

Small PLDs, MAX340, FLASH370i, (Ultra37000) 
Input Format 

Schematic Entry and VHDL 

Required Cypress Product 

Cypress Mentor Graphics Bolt-in Kit (CY3144) 
Design Flow Description 


Both schematic and textual designs (VHDL).are supported us- 
ing the Mentor Design Architect schematic capture tool. The 
Warp software interfaces to this tool and provides the synthe- 
sis and fitting steps of the design flow. Timing information and 
simulation models are then produced by Warp and fed back 
into the Mentor environment for device-level simulation. Pro- 
gramming files are also produced for device programming. — 
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‘1? Available from Cypress 
Available from Mentor Graphics 


Figure 8. 
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OrCAD 


Product 

PLD386+ 

Device Support 

Small PLDs, MAX340, FLASH370i, (Ultra37000) 
Input Format 

Orcad-HDL 

Required Cypress Product 

Warp2, Warp2Sim, or Warp3 

Design Flow Description 


PLD386+ interfaces to the other tools in OrCAD’s design soft- 
ware suite to provide complete design entry, synthesis, and 
simulation. Designs are entered using OrCAD’s proprietary 
design language, or by OrCAD’s schematic capture software. 
After design description and debugging of the source code, the 


‘design is synthesized and fit to a PLD or CPLD via PLA file. 


PLD386+ outputs the programming file, which is also used for 
device timing simulation to complete the design flow. 
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Available from Cypress 
Available from OrCAD 


Figure 9. 
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Synario Design Automation Synario Design Automation 
Product Product 

ABEL4, ABEL5, and ABEL6 Synario 

Device Support Device Support 

Small PLDs, MAX340, FLASH370i Small PLDs, MAX340, FLASH370i, (Ultra37000) 

Input Format Input Format 

ABEL-HDL Schematic Entry, VHDL, and ABEL-HDL 

Required Product Required Product 

None for Small PLDs or MAX340 | Warp2 


Cypress ABEL Fitter Kit for FLASH370i (CY3140) | Design Flow Description 


Design Flow Description The user is guided through the design process by the Project 
Navigator. Designs can be entered in schematic entry, VHDL, 
or ABEL-HDL. Designs entered can be functionally simulated 
and then optimized by Synario. The designs will then go 
through fitting. The resulting output files can be used for de- 
vice-level simulation and device programming. 


Designs entered in ABEL-HDL can first be functionally simu- 
lated using PLASIM and then go through logic optimization 
and minimization. The output files from ABEL will then go 
through fitting. The resulting output files can then be used for 
device-level simulation and device programming. 


Design Flow Manager 


- Device Sim: 
Available from Cypress or Synario 
Not available 
Available from Cypress Available from Synario 
Available from Synario Figure 11. 
Figure 10. 


Synopsys 
Product 
Design Compiler 
Device Support 
FLASH370i, Ultra37000 
Input Format 
VHDL and Verilog 
Required Product 
Cypress Synopsys Bolt-in Kit 
Design Flow Description 


Designs are entered in either HDL, or netlist format. It can then 
be functionally simulated using the VHDL System Simulator 
(VSS). The next step in the process is logic optimization and 
technology mapping. The output then goes into the Warp fitter, 
and programming and simulation files are generated for device 
programming and device-level simulation with VSS. 


Design Flow Manager 


; To be available from Cypress 
Available from Synopsys 


Figure 12. 


Third-Party 
Tool Support 


ViewLogic 
Product 
WorkView PLUS, WorkView Office, PowerView 
Device Support 
Small PLDs, MAX340, FLASH370i, Ultra37000 
Input Format 
LPM Schematic entry, VHDL, or both 
Required Cypress Product 
Warp2 
Design Flow Description 


LPM schematics and/or VHDL files can be used for design 
entry. Pre-synthesis simulation is performed via SpeedWave. 
The design will then be exported into a VHDL file, which will 
go intoWarp2 for optimization and synthesis. The design will 
then go through fitting, resulting in a JEDEC file for device 
programming and timing models for device-level simulation. 


7 Available from Cypress 


Available from ViewLogic 


Figure 13. 
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Company Addresses 
ACUGEN Software Inc. Logical Devices Inc. 
427-3 Amherst Street 692 S. Military Trail 
Suite 391 Deerfield Beach, FL 33442 
Nashua, NH 03063 (305) 428-6868 
(603) 881-8821 Mentor Graphics 
Cadence Design Systems, Inc. 8005 SW Boeckman Road 
555 River Oaks Parkway Wilsonville, OR 97070-7777 
San Jose, CA 95134 (503) 685-8000 
(408) 943-1234 OrCAD 
Exemplar Logic 3175 NW Alociek Dr. 
815 Atlantic Avenue Hillsboro, OR 97124 
Suite 105 (503) 690-9881 
Alameda, CA 94501-2274 
Synario Design Automation 
(510) 337-3700 10525 Willows Rd. N.E. 
Fiynn Systems Corporation P.O. Box 97046 
Exit 4 Office Building Redmond, WA 98073 
7 1/2 Harris Road : (206) 881-6444 
Nashua, NH 03062 
, Synopsys 
(603) 891-1111 700 E. Middlefield Rd. 
ISDATA GmbH Mountain View, CA 94043-4033 
Haid-und-Neu-Strasse 7 (415) 962-5000 


et a 1 ViewLogic Systems, Inc. 
293 Boston Post Road West 
(0721) 69 30 92 Marlborough, MA 01752 


Warp, Warp2Sim, MAX340, FLASH370i, and Ultra37000 are trademarks of Cypress Semiconductor Corporation. 
MAX is a trademark of Altera Corporation. 
Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 


Document #: 38—00371-B 
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ABEL™/Synario™ Design 
Kit for FLASH370i™ 


Features System Requirements 
« Device independent design entry formats: | PC Platform 
— ABEL-HDL for ABEL-4, ABEL-5, and ABEL-6 486-based IBM PC 


— Schematic entry, VHDL, and ABEL-HDL for Synario™ Microsoft Windows 3.1, 95, NT 


; ; : 16 Mbytes of RAM 
. ow On teeta supporting all ABEL™ and Synario™ 8 Mbyte s of disk space 


: ; F 1.44-Mbyte 3.5-inch floppy disk drive 
¢ Supports the full family of FLASH370i™ devices 


¢ Graphical device simulator included (CYPSIM) Sun Platform 
¢ Automatic installation into existing ABEL and Synario SPARC CPU 
environment Sun OS 4.1 or later 
¢ Available on PC and Sun workstation design platforms 16 Mbytes of RAM 
: 8 Mbytes of disk space 
Introduction 


; . Ordering Information 
The seamless integration of Data I/O’s ABEL or Synario soft- 


ware design environment and the Cypress FLASH370i ABEL = CY3140 ABEL/Synario Design Kit for FLASH370i includes: 


fitter offers a powerful solution for fitting ABEL and Synario de- ABEL Fitter Software on two 3.5-inch floppy disks for PCs 
signs into the Cypress CPLD device family. : ABEL Fitter Software on 3 3.5-inch floppy disks for Sun 

: ae . ABEL Fitter User’s Guide 
Functional Description Registration Card 


The design process in the ABEL environment begins with en- 
tering ABEL-HDL (and optional test vectors) using any text 
editor. The process in Synario is guided by the Project Naviga- 
tor, and begins with design entry in either schematic, VHDL, 
or ABEL-HDL. The design can then be functionally simulated 
at the source-level. It then goes through logic optimization and 
minimization. The output file then goes into the FLASH370 fitter. 
Test vectors specified in the ABEL-HDL files are also automat- 
ically processed for use in post-fitting device simulation. 


The FLASH370i fitter generates a JEDEC file for device pro- 
gramming and post-fitting simulation in CYPSIM. The test vec- 
tors will also be read in for functional verification. 


The post-fitting simulator, CYPSIM, operates under the Win- 
dows environment. It takes JEDEC files as input and can read 
in and write out stimulus files (e.g., test vectors from 
ABEL-HDL) for functional verification of the design. Users can 
edit input waveforms graphically and specify simulation length 
and resolution interactively. Signals can also be grouped, ma- 
nipulated, and viewed in various formats. 


Design Flow Manager (Project Navigator) 


[C— Available in Synario only EZ) Available in ABEL and Synario 
=] Cypress FLASH370i ABEL Fitter Kit 


Figure 1. ABEL/Synario Design Flow 
Document #: 38-00431-B 


FLASH370i is a trademark of Cypress Semiconductor Corporation. 
ABEL and Synario are trademarks of Data I/O Corporation. 
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Features 


¢ Seamless integration with your Mentor Graphics tools 
¢ Powerful schematic symbol library 

¢ IEEE-compliant VHDL 

- Supports the UltraLogic™ family of SPLDs and CPLDs 
¢ Industry-leading synthesis for programmable logic 

¢ 100% automatic fitting 

¢ VHDL and Verilog post-layout timing models 

¢- Complete solution from design entry to programming 


Introduction 


Cypress offers powerful integrated solutions for programmable 
logic. The Cypress Mentor Graphics Bolt-in Kit gives you ev- 
erything to design with Cypress’s UltraLogic PLDs in one 
seamless device-independent design environment. It allows 
you to take advantage of Mentor Graphics’ powerful Design 
Architect™ schematic entry tool, Cypress’s industry-leading 
Warp™ VHDL synthesis tool, and a wide variety of simulators. 


Functional Description 


Design Entry 


Design with ease using schematic symbols, VHDL design de- 
scriptions, or a combination of both, supported with the Mentor 
Design Architect tool available with your Mentor flow. 


Synthesis 


Your entire design is automatically converted into VHDL and 
efficiently synthesized into a SPLD or CPLD device using 
Warp. UltraGen™ synthesis technology will ensure that you 
achieve the best results for every Cypress device. For a de- 
scription of UltraGen and synthesis, see the Warp datasheets. 


Fitting 

Easily retarget your design to different devices. The 100% au- 
tomatic fitting tools produce optimal results in minutes. 
Post-synthesis Simulation 


Warp outputs VHDL and Verilog timing simulation models. Ver- 
ify your design with timing using your choice of Mentor 
Graphics’ QuickHDL™ or any other VHDL or Verilog simulator. 


Programming 


Warp generates JEDEC programming files for all Cypress de- 
vices which can be used for in-system reprogramming (ISR™) 
or with various device programmers. 


Document #: 38-00593 


PRELIMINARY 


fax id: 6261 


CY3144 


Cypress Mentor Graphics Bolt-in Kit 


System Requirements 


For Sun Workstations 


SPARC CPU 
SunOS 4.1.3 or Solaris 2.5 
CD-ROM drive 


For HP 9000 workstation (700 series) 


HP-UX™ 9.x 
CD-ROM drive 


Ordering Information 
CY3144 Cypress Mentor Graphics Bolt-in Kit includes: 


CD-ROM with Bolt-in software and on-line documentation 
CD-ROM with Warp software and on-line documentation 
Warp Users Guide and Reference Manual 

Release Notes 

VHDL for Programmable Logic Textbook 
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Design Flow Manager 


:..2 Available from Cypress 


Available from Mentor Graphics 


Figure 1. Cypress Mentor Graphics Design Flow 


ISR, UltraGen, UltraLogic, and Warp are trademarks of Cypress Semiconductor Corporation. 
HP-UX is a trademark of Hewlett Packard Corporation. 

SunOS and Solaris are trademarks of Sun Microsystems Corporation. 

Design Architect, and QuickHDL are trademarks of Mentor Graphics Corporation. 
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Introduction 


PLDs, or programmable logic devices, provide an attractive 
alternative to logic implemented with discrete devices. Cy- 
press Semiconductor is in the enviable position of being able 
to offer PLDs in several different process technologies, thus 
assuring our Customers of a wide range of options for lead- 
ing-edge speed as well as very low power consumption. Cy- 
press optimizes the mix of technology and device architecture 
to insure that the programmable logic requirements of today’s 
highest-performance electronics systems can be fully support- 
ed by a single PLD vendor. 


Cypress offers a wide variety of PLDs based on our lead- 
ing-edge CMOS EPROM process technology. This technology 
facilitates the lowest power consumption and the highest logic 
density of any nonvolatile PLD technology on the market today, 
at speeds that are as fast as state-of-the-art bipolar technology 
would provide. Furthermore, these devices offer the user the 
option of device erasure and reprogrammability in windowed 
packages. Cypress offers PLDs based on CMOS Flash tech- 
nology which features electrical erasure and reprogrammabil- 
ity. Thus Cypress offers solutions for state-of-the-art systems 
regardless of what the optimal balance is between speed, 
power, and density for any particular system. 


Programmable Technology 


EPROM Process Technology 


EPROM technology employs a floating or isolated gate be- 
tween the normal control gate and the source/drain region of 
a transistor. This gate may be charged with electrons during 
the programming operation, permanently turning off the tran- 
sistor. The state of the floating gate, charged or uncharged, is 
permanent because the gate is isolated in an extremely pure 
oxide. The charge may be removed if the device is irradiated 
with ultraviolet energy in the form of light. This ultraviolet light 
allows the electrons on the gate to recombine and discharge 
the gate. This process is repeatable and therefore can be used 
during the processing of the device, repeatedly if necessary, 
to assure programming function and performance. 


Two Transistor Cells 


Cypress uses a two-transistor EPROM cell. One transistor is 
optimized for reliable programming, and one transistor is opti- 
mized for high speed. The floating gates are connected such 
that charge injected on the floating gate of the programming 
transistor is conducted to the read transistor biasing it off. 


Flash Process Technology 


The Flash cell is programmed in the same manner as the 
EPROM cell, and is electrically erased via Fowler-Nordheim 
tunneling. This next-generation PLD technology will combine 
a number of key advantages for future Cypress PLDs. The 
principal advantages will be leading-edge speed, low CMOS 
power consumption, and electrical alterability for simplified in- 
ventory management. 
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Programming Algorithm—EPROM and Flash 
Technology 


Byte Addressing and Programming 


Most Cypress programmable logic devices are addressed and 
programmed on a byte or extended byte basis where an ex- 
tended byte is a field that is as wide as the output path of the 
device. Each device or family of devices has a unique address 
map that is available in the product datasheet. Each byte or 
extended byte is written into the addressed location from the 
pins that serve as the output pins in normal operation. To pro- 
gram a cell, a 1 or HIGH is placed on the input pin and a 0 or 
LOW is placed on pins corresponding to cells that are not to 
be programmed. Data is also read from these pins in parallel 
for verification after programming. A 1 or HIGH during program 
verify operation indicates an unprogrammed cell, while a 0 or 
LOW indicates that the cell accessed has been programmed. 


Blank Check 


Before programming, all programmable logic devices may be 
checked in a conventional manner to determine that they have 
not been previously programmed. This is accomplished in a 
program verify mode of operation by reading the contents of 
the array. During this operation, a 1 or HIGH output indicates 
that the addressed cell is unprogrammed, while a 0 or LOW 
indicates a programmed cell. 


Programming the Data Array 


Programming is accomplished by applying a supervoltage to 
one pin of the device causing it to enter the programming mode 
of operation. This also provides the programming voltage for 
the cells to be programmed. In this mode of operation, the 
address lines of the device are used to address each location 
to be programmed, and the data is presented on the pins nor- 
mally used for reading the contents of the device. Each device 
has a read/write pin in the programming mode. This signal 
causes a write operation when switched to a supervoltage and 
a read operation when switched to a logic 0 or LOW. In the 
logic HIGH or 1 state, the device is in a program inhibit condi- 
tion and the output pins are in a high-impedance state. During 
a write operation, the data on the output pins is written into the 
addressed array location. In a read operation, the contents of 
the addressed location are present on the output pins and may 
be verified. Programming therefore is accomplished by placing 
data on the output pins and writing it into the addressed loca- 
tion. Verification of data is accomplished by examining the in- 
formation on the output pins during a read operation. 


The timing for actual programming is supplied in the unique 
programming specification for each device. 


Phantom Operating Modes 


All Cypress programmable logic devices on the EPROM and 
BiCMOS technology contain a Phantom array for post assem- 
bly testing. This array is accessed, programmed, and operated 
in a special Phantom mode of operation. In this mode, the 
normal array is disconnected from control of the logic, and in 
its place the Phantom array is connected. In normal operation 
the Phantom array is disconnected and control is only via the 
normal array. This special feature allows every device to be 
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tested for both functionality and performance after packaging 
and, if desired, by the user before programming and use. The 
Phantom modes are entered through the use of supervoltages 
and are unique for each device or family of devices. See spe- 
cific datasheets for details. 


it 


Special Features 


Cypress programmable logic devices, depending on the de- 
vice, have several special features. For example, the security 
mechanism defeats the verify operation and therefore secures 
the contents of the device against unauthorized tampering or 
access. In advanced devices such as the PALCE22V10, 
PLDC20G10, and CY7C335, the macrocells are programma- 
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ble through the use of the architecture bits. This allows users 
to more effectively tailor the device architecture to their unique 
system requirements. Specific programming is detailed in the 
device datasheet. 


Programmers 


All of Cypress’s programmable logic devices can be pro- 
grammed on the Cypress /mpulse3™ programmer. Many 
third-party programmers also support these products. In addi- 
tion, all CY7C370i In-System Reprogrammable™ devices can 
be programmed with the InSRkit™ on-board programmer for 
the PC. 


Impulse3, In-System Reprogrammable, and InSRkit are trademarks of Cypress Semiconductor Corporation. 
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Features 


« OEM version of Data I/O ChipLab™ 
- Programs all Cypress PROMs, EPROMs, PLDs, and 
CPLDs 


¢ Modular for easy device-specific support 

¢ Easy to use Windows-based, PC interface 

¢ New device support available with software changes on 
floppy disk, Cypress bulletin board, and Cypress web 
site 

¢ DIP adapter included with base unit 

* Mouse-driven user interface 

¢ On-line documentation and device support list 

¢ One-year warranty 


¢« Dimensions of CY3500 are 25 x 25 x 7.6 cm or 9.75 x 
9.75 x 3 in and the weight is 1.02 kg or 2.25 Ibs. 


Functional Description 


Impulse3™ is Cypress’s OEM version of the Data I/O ChipLab. 
It provides programming support for all of Cypress’s program- 
mable devices. The programmer uses a PC interface to pro- 
vide an easily accessible programming environment. The PC’s 
parallel port is used to communicate with the programmer, and 
device-specific adapters and drivers to ensure that you get the 
specific device support you need for your programming appli- 
cation. 


CY3500 uses industry standard JEDEC and HEX (for PROMs) 
data format for programming and can be upgraded by Data I/O 
to support products from other vendors. 
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Impulse3 ™ Device 
Programmer and Adapters 


System Requirements 


The CY3500 works with your IBM compatible PC computer. 
The minimum system requirements are: 

¢ One free parallel port 

¢ Minimum 2-MB extended memory 

¢ Intel 386, 486, or Pentium processor 

¢ DOS version 3.3 or higher, or Windows 3.1/95 


¢ 5 MB of free hard disk space for the programmer drivers 
and programs 


¢ High Density floppy disk drive (3.5-inch) 
¢ Microsoft-compatible mouse 


Device Support 


Impulse3 is sold modularly and supports all Cypress program- 
mable products. The base unit (CY3500) supports DIP devices 
up to 44 pins. For other device/package combinations, an 
adapter is required. In addition, devices over 44 pins require a 
high pin-count adapter (CY3501A). 


Maximum Ratings 


(Above which the useful life may be impaired. For user guide- 
lines, not tested.) 


Input Voltage..........cccseeccsesesssneees 90 to 264 Vac, 48 to 63 Hz 
Programmer Voltage .............::seceeeeeee 24V (AC or DC) +10% 
Programmer Current... AC = 1.67A, DC = 1.25A 
Operating Temperature..............::cceeceessesereeeeeees 0°C to 40°C 
Storage TEMpPerature ..........cccecceeseeesssssssseseneees —40°C to 55°C 
- Relative Humidity (Operating)...............cceeeeee 20% to 80% 
Relative Humidity (Storage) .............eeeeseeeeeeeees 10% to 90% 
Operating Altitude ........ ee esssseereeereeeees to 5,000 Meters 
Storage Altitude ..............eeeeeeeeesseeeseseeeeenees to 15,000 Meters 
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Ordering Information (continued) 


Description 


Part Number . ipti 

CY8047 
Cva048 
CY3049 . 


Document #: 38-—00374—B 


32-pin TSOP adapter for 27HO10 -~ 


Impulse3 and FLASH370i are trademarks of Cypress Semiconductor Corporation. 
ChipLab is a trademark of Data 1/O. 
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Features 


¢ Supports all FLASH370i™ devices 

¢ Standard JTAG programming Interface 

Multi-device programming 

Supports cascading of devices 

Easy to use PC based interface 

¢ Eliminates programming insertion to improve manufac- 
turing efficiency 

¢ For programming in the lab, on manufacturing floor, or 
at remote sites 


Kit Contents 


Sin (In-System Reprogrammable) Programming Ca- 
e 


ISR Programming Software 

ISR User’s Guide 

— PC Requirements 

— Configuration File Syntax 

— Description of all error codes 
ISR Application Notes 


ISR PC Cable Programming 


Interface Box 


a 


FLASH 370i 
device 
FLASH 370i 
device 


customer's board 


Note: 


1. Refer to the ISR User’s Guide for detailed information on ISR programming 
and electrical specification requirements. 
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InSRkit™: ISR™ Programming Kit 


Functional Description 


The ISR programming kit enables users to program FLASH370i 
CPLDs on board with our ISR Programming kit and a personal 
computer. The ISR programming cable connects to the parallel 
port of a PC into a standard 10-pin male connector mounted 
on the user’s board. 


The ISR software reads in standard JEDEC format program- 
ming files and converts them to a serial bit stream for ISR 
programming. The ISR software reads in a simple user defined 
configuration file that dictates how many devices are in the 
daisy chain and what operation is to be done on each 
FLASH370i device. The same chain can be used with other 
JTAG compliant devices. 


The ISR User’s Guide describes the operation of the ISR soft- 
ware and how to set up the configuration file. The application 
notes included with the kit describe the FLASH370i architecture 
and all system design considerations for programming with the 
InSRkit. 

10-pin ISR Connector 


The diagram below shows the pinout of the 10-pin male con- 
nector to be mounted onto the board. 


The view looking down onto the board is shown below. 


PC 


Parallel Port 


25-pin 


10 pin ISR connector 
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Table 1 describes the function of each of these pins on the ISR programming cable. An OUTPUT is provided by the PC and an 
INPUT is provided by the target system. | | 


Table 1. Pin Description 


| Pin’ | Type Description 
ISRVPP OUTPUT | In System Programming high voltage programming pin. 


ISRM OUTPUT In System Reprogramming enable indicator 
INPUT +5V supply voltage provided from the target system to the cable 


SDO ~  FINPUT Serial Data Output Receiver. The SDO output pin of the last device in the ISR chain of 
' 1the system is connected to this input pin. . 
SMODE OUTPUT Serial Mode Control. This is the mode select control input for the TAP controller state 
machine contained in the ISR interface 


SCLK OUTPUT Serial Clock. ISR interface clock input. 


SDI OUTPUT Serial Data Input Driver. This output pin is connected to the SDI input of the first device 
, in the ISR chain 
NC 


NC NGC S~SC*~*dNO Comet SSCS~S~SCSCSCS 


are given below. 
Measuring from center of the pins, each pin is 0.1” from the 
Pin cross-section is 0.025” x 0.025” 
Note: 
PC System Requirements . : 
InSRkit, ISR, and FLASH370i are trademarks of Cypress 
¢ 486 PC or better 


GND I Zero volt common ground for PC and target system. 
Male Connector: oa 
CY3600 ISR Programming Kit 
others. 
Part Number: Amp 103309-1 2. For replacement purposes only. 
¢ One free parallel port Semiconductor Corporation. 
¢ DOS version 6.0 or higher 


The dimensions of the male connector required in the system Orderin g Information 
2x5 =2 rows, 5 pins per row 
Document #: 38-00518 
¢ 500K conventional memory or higher 
¢ 1MB or more disk space 
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Features 


¢- Complete design and programming kit for In-System 
Reprogrammable (ISR™) CPLDs 


* Industry-leading Warp2° design software 

- Easy-to-use InSRkit™ PC programmer for on-board 
programming 

¢ Supports all FLASH370i™ CPLDs 

¢ Standard PC-based interface 


Functional Description 


Warp2|SR is a complete ISR CPLD design and programming 
solution. Included is Warp2, a state-of-the-art VHDL compiler 
for designing with Cypress FLASH370i devices, and an ISR PC 
programmer. (For a complete description of Warp2 please see 
the CY3120 datasheet. For a complete description of the ISR 
PC programmer, please see the CY3600 datasheet.) 


Figure 1 shows the Warp2lSR kit in action with Warp2 being 
used for design and InSRkit for programming. The ISR pro- 
grammer connects from the PC parallel port directly to your 
board for quick design changes. Multiple devices can be pro- 
grammed in series, and ISR devices are cascadable with other 
JTAG-compliant devices for convenient programming. 


Figure 1. Design and Program with Warp2iSR 
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Warp2iISR™ ISR Design Kit for CPLDs 


PC System Requirements 


For Warp2 


IBM PC or equivalent (486 or higher recommended) 
16 Mbytes of RAM (32 Mbytes recommended) 
100-Mbyte hard disk space 

CD-ROM drive 

Two- or three-button mouse 

Windows 3.1x, Windows 95, or Windows NT 


For InSRkit 


IBM PC or equivalent (486 or higher recommended) 
500K or more conventional memory 

1-Mbyte or more hard disk space 

One free parallel port 

DOS version 6.0 or higher 


Ordering Information 


CY3620R42 WarpalSR ISR Design Kit for CPLDs 


Warp2lSR includes: 


CD-ROM with Warp2 and on-line documentation 
ISR programmer for PC and software 

ISR programmer User’s Guide 

FLASH370i™ samples 

VHDL for Programmable Logic Textbook 
Registration Card 

Release Notes 


Document #: 38-00592-A 


Warp2 is a registered trademark of Cypress Semiconductor Corporation. 
ISR, InSRkit, Warp21SR, and FLASH370i are all trademarks of Cypress Semiconductor Corporation. 
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Are Your PLDs Metastable? 


This application note provides a detailed description of the 
metastable behavior in PLDs from both circuit and statistical 
viewpoints. Additionally, the information on the metastable 
characteristics of Cypress PLDs presented here can help you 
achieve any desired degree of reliability. 


Metastable is a Greek word meaning “in between.’ Metasta- 
bility is an undesirable output condition of digital logic storage 
elements caused by marginal triggering. This marginal trig- 
gering is usually caused by violating the storage elements’ 
minimum set-up and hold times. 


In most logic families, metastability is seen as a voltage level 
in the area between a logic HIGH and a logic LOW. Although 
systems have been designed that did not account for meta- 
stability, its effects have taken their toll on many of those sys- 
tems. 


In most digital systems, marginal triggering of storage ele- 
ments does not occur. These systems are designed as syn- 
chronous systems that meet or exceed their components’ 
worst-case specifications. Totally synchronous design is not 
possible for systems that impose no fixed relationship be- 
tween input signals and the local system clock. This includes 
systems with asynchronous bus arbitration, telecommunica- 
tions equipment, and most I/O interfaces. For these systems 
to function properly, it is necessary to synchronize the incom- 
ing asynchronous signals with the local system clock before 
using them. 


Figure 1 shows a simple synchronizer, whose asynchronous 
input comes from outside the local system. The synchronizer 
operates with a system clock that is synchronous to the local 
system’s operation. On each rising edge of this system clock, 
the synchronizer attempts to capture the state of the asyn- 
chronous input. Figure 2 shows the expected result. Most of 
the time, this synchronizer performs as desired. 


ASYNCHRONOUS SYNCHRONIZER 
INPUT SYNCHRONOUS 
OUTPUT 


2 re 


LOCALLY 
SYNCHRONOUS 
SYSTEM 


SYSTEM 
CLOCK 


Figure 1. Simple Synchronizer 
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Figure 2. Expected Synchronizer Output 
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Digital systems are supposed to function properly all the time, 
however. But because there is no direct relationship between 
the asynchronous input and the system clock, at some point 
the two signals will both be in transition at very nearly the 
same instant. Figure 3shows some of the synchronizer’s pos- 
sible metastable outputs when this input condition occurs. 
These types of outputs would not occur if the synchronizer 
made a decision one way or the other in its specified 
clock-to-output time. A flip-flop, when not properly triggered, 
might not make a decision in this time. When improperly trig- 
gered into a metastable state, the output might later transition 
to a HIGH or a LOW or might oscillate. 


1 
ASYNC 
INPUT 


1 
SYNC 1 
OUT I ! I 
| METASTABLE | METASTABLE! METASTABLE 
RESOLVE TOO RESOLVETO1 OSCILLATING 
OUTPUT 


Figure 3. Possible Metastable States of Synchronizer 


When other components in the local system sample the syn- 
chronizer’s metastable output, they might also become meta- 
stable. A potentially worse problem can occur if two or more 
components sample the metastable signal and yield different 
results. This situation can easily corrupt data or cause a sys- 
tem failure. 


Such system failures are not a new problem. In 1952, Lubkin 
(Reference 1) stated that system designers, including the de- 
signers of the ENIAC, knew about metastability. The accepted 
solution at that time was to concatenate an additional flip-flop 
after the original synchronizer stage (Figure 4). This added 
flip-flop does not totally remove the problem but does improve 
reliability. This same solution is still in wide use today. 


SYNCHRONOUS 
SYSTEM 


SYNCHRONIZER 


Figure 4. Two-Stage Synchronizer 
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Recovery from metastability is probabilistic. In the improved 


synchronizer, the first flip-flop’s output might still be in a meta- » 


stable state at the end of the sample clock period. Because 
the flip-flops are sequential, the probability of propagating a 
metastable condition from the second flip-flop stage is the 
square of the probability of the first flip-flop remaining meta- 
stable for its sample clock period. This type of synchronizer 
does have the drawback of adding one clock cycle of latency, 
which might be unacceptable in'some systems. 


As system speeds increase and as more systems utilize in- 
puts from asynchronous external sources, metastability-in- 
duced failures become an increasingly significant portion of 
the total possible system failures. So far, no known method 
totally eliminates the possibility of metastability. However, 
while you cannot eliminate metastability, you can employ de- 
sign techniques that make its probability relatively small com- 
pared with other failure modes. 


Explanation of Metastability 


In a flip-flop, a metastable output is undefined or oscillates 
between HIGH and LOW for an indefinite time due to marginal 
triggering of the circuit. This anomalous flip-flop behavior re- 
sults when data inputs violate the specified set-up and hold 
times with respect to the clock. 


In the case of a D-type flip-flop, the data must be stable at the 
device’s D input before the clock edge by a time known as the 
set-up time, t,. This data must remain stable after the clock 
edge by a time known as the hold time, t, (Figure 5). The data 
signal must satisfy both the set-up and hold times to ensure 
that the storage device (register, flip-flop, latch) stores valid 
data and to ensure that the outputs present valid data after a 
maximum specified clock-to-output delay tog max. AS used in 
this application note, tog max refers to. the interval from the 
clock’s rising edge to the time the data is valid on the outputs. 
In most cases, too max refers to the maximum t,, specified by 
a data sheet, as opposed to the average or typical t,, value: 


ts > th > th < 
t 1 t fee ot 
S_max | I | h_max 1} > © ‘humax 
It cee ome 
i ts_max I i 
CLOC i : \ 


Figure 5. Triggering Modes of a Simple Flip-Flop 


If the data violates either the set-up or hold specifications, the 
flip-flop output might go to an anomalous state for a time 
greater than too max (Figure 5). The additional time it takes 
the outputs to reach a valid level can range from a few hun- 
dred picoseconds to tens of microseconds. The amount of 
additional time beyond tg max required for the outputs to 
reach a valid logic level is known as the metastable walk-out 
time. This walk-out time, while statistically predictable, is not 
deterministic. 
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Figure 6. Output Propagation vs. Data Transition 


Figure 6, from Reference 2, shows the variation in output de- 
lay with data input time. The left portion of the graph shows 
that when the data meets the required set-up time, the device 
has valid output after a predictable delay, which equals to. 
The middle portion of the graph indicates the metastable re- 
gion. If the data transitions in this region, valid output is de- 
layed beyond tog max: The closer the input transitions to the 
center of the metastable region, violating the device’s trigger- 
ing requirements, the longer the propagation delay. If the data 
transitions after the metastable region, the device does not 
recognize the input at that clock edge, and no transition oc- 
curs at the output. As given in Reference, you can predict the 
region ty, where data transitions cause a propagation Geley 
longer than t, from the formula:. 


—(t— too) 
e - Eq. 1 


where t depends on device-specific characteristics such as 
transistor dimensions and the flip-flop’s gain-bandwidth prod- 
uct. 


Figure 7 shows another way of looking at metastability. A 
flip-flop, like any other bistable device, has two minimum-po- 
tential energy levels, separated by a maximum-energy poten- 
tial. A bistable system has stability at either of the two mini- 
mum-energy points. The system can also have temporary 
stability—metastability—at the energy maximum. If nothing 
pushes the system from the maximum-energy point, the sys- 
tem remains at this point indefinitely. 


eo X& 


Figure 7. Triggering Modes of a Simple Flip-Flop 
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signals allow communications between locally synchronous 


The advantage of the self-timed method is that it permits ma- 
chines to run at the average speed instead of the worst-case 
speed. The disadvantages are that a self-timed system must 
have extra circuitry to compute its own completion signals and 


systems. 
extra circuitry to check for the completion of any tasks as- 


a 
a 

A hill with valleys on either side is another bistable system. A 

ball placed on top of the hill tends to roll toward one of the 
minimum-energy levels. If left undisturbed at the top, the ball 
can remain there for an indeterminate amount of time. As this 
figure indicates, the characteristics of the top of the hill as well 
as natural factors affect how long the ball stays there. The 


steepness of the hill is analogous to the gain-bandwidth prod- 
Petri Nets, data flow machines, and self-timed modules all 


signed to external entities. 
use the self-timed method of communication among locally 
synchronous systems. Self-timed structures do not complete- 
ly eliminate metastability, however, because they can include 
arbiters that can be metastable. Most systems do not include 
self-timed interfaces due to the additional circuitry and com- 


plexity. 
The second method of producing locally synchronous sys- 
tems from globally asynchronous systems is the simple syn- 
chronizer. This is the most common way of communicating 
between asynchronous objects. The metastability errors that 
might arise from these systems must be made to play an in- 
causes of system 


significant role when compared with other 
failure. 

Many metastability solutions involve special circuits (Refer- 

ences 6 and 7). Some of these solutions do not reduce meta- 
stability at all (References 13 and 8). Others, however, do 
reduce metastability errors by pushing the occurrence of 
metastability to a place where sufficient time is available for 
resolving the error. Most of these circuits are system depen- 


uct of the flip-flop’s input stage. 
dent and do not offer a universal solution to metastability er- 


Causes of Metastability 
Systems with separate entities, each running at different 
clock rates, are called globally asynchronous systems (Ref- 
erence 4). The entities might include keyboards, communica- 
tion devices, disk drives, and processors. A system contain- 


ing such entities is asynchronous because signals between 


two or more entities do not share a fixed relationship. 
Metastability can occur between two concurrently operating 
digital systems that lack a common time reference. For exam- 
ple, in a multiprocessing system, it is possible that a request 
for data from one system can occur at nearly the exact mo- 
ment that this signal is sampled by another part of the system. 
In this case, the request might be undefined if it does not obey 
the set-up and hold time of the requested system. 
When globally asynchronous systems communicate with 
each other, their signals must be synchronized. Arbitration 
must occur when two or more requests for a shared resource 
are received from asynchronous systems. An arbiter decides 
which of two events should be serviced first. A synchronizer, 
which is a type of arbiter with a clock as one of the arbited 
signals, must make its decision within a fixed amount of time. 
A device can synchronize an input signal from an external, rors. 
asynchronous device in cases such as a keyboard input, an The easiest and the most widely used solution is to give the 
synchronizing circuit enough time to both synchronize the sig- 
nal and resolve any possible metastable event before other 
parts of the system sample the synchronized output. This so- 
lution requires knowledge of the metastable characteristics of 


external interrupt, or a communication request. 
Care must be taken when two locally synchronous systems 
the device performing the synchronization. 
Many semiconductor companies have developed circuits 
such as arbiters, flip-flops, and latches that are specifically 


designed to reduce the occurrence of metastability. Although 
these parts might have good metastability characteristics, 


communicate in a globally asynchronous environment. A syn- 
chronization failure occurs when one system samples a 
flip-flop in the other system that has an undefined or oscillat- 
ing output. This event can distribute non-binary signals 
through a binary system (Reference 5). 
In synchronizers, the circuit must decide the state of the data 
input at the clock input’s rising edge. If these two signals arrive gn jO0a Suty 
at the same time, the circuit can produce an output based on they have very limited application. The circuits can only func- 
either decision, but must decide one way or the other within a tion as flip-flops or arbiters and do not have the flexibility of 
PLDs. Cypress Semiconductor has designed the flip-flops in 
| the company’s PLDs to be metastability hardened. This al- 
lows you to use Cypress PLDs in a wide range of systems 
requiring synchronization. 
Circuit Analysis of Metastability 
Many authors have written papers detailing the analysis of 
metastability from a circuit standpoint (References 5, 7, 8, 9, 
10, 11, and 12). In Reference 11, for example, Kacprzak pre- 
sents a detailed analysis of an RS flip-flop’s metastable oper- 
ation. He states that a flip-flop has two stages of metastable 


operation (Figure 8). 
voltage V,,, which is the voltage at which V, = Vg. 

The second or resolving phase occurs when the outputs once 
again drift toward stable voltages. Once a flip-flop has entered 


During the initialization phase, the Q and Q outputs move 
a metastable state, the device can stay there for an indeter- 
minate length of time. The probability that the flip-flop will stay 


simultaneously from their existing levels to the metastable 


fixed amount of time. 
Attacking Metastability 
The design of synchronous systems is much different than the 
design of globally asynchronous systems. The design of a 
synchronous digital system is based on known maximum 
propagation delays of flip-flops and logical gates. Asynchro- 
nous systems by definition have no fixed relationship with 
each other, and therefore, any propagation delay from one 
locally synchronous system to the next has no physical mean- 
ing. 
Two different methods are available to produce locally syn- 
chronous systems from globally asynchronous systems. The 
first method involves creating self-timed systems. In a 


self-timed system, the entity that performs a task also emits 
a signal that indicates the task’s completion. This handshak- 


ing signal allows the use of the results when they are ready 
instead of waiting for the worst-case delay. Such handshaking 


Figure 8. Two Phases of Metastability 


metastable for an unusually long period of time is zero, how- 
ever, due to factors such as noise, temperature imbalance 
within the chip, transistor differences, and variance in input 
timing. During the second phase of metastability, for very 
small deviations around the metastable voltage, V,,, the 
flip-flop behaves like two cross-coupled linear amplifier stag- 
es that gain Vy = Vg— Vg. When the gain of the cross-coupled 
loop exceeds unity, the differential voltage increases expo- 
nentially with time. : | 


The length of time the flip-flop takes to resolve cannot be ex- 
actly determined. The probability that the flip-flop will resolve 
within a specific length of time, however, can be predicted. 
This probability depends on the electrical parameters of the 
flip-flop acting as a linear amplifier around the metastability 
voltage. The solution (Reference 11) to the differential voltage 
V(t) driving the resolving phase is given by 


(t— to) 


where t depends directly on the amplifier gain and capaci- 
tance, and where V,4(to) represents the differential voltage at 
some time tp. You can use this equation to determine the 
length of time that the output voltage will take to drift from the 
metastable voltage V,, to a specified voltage difference Vy. 


Horstmann (Reference 5) states that a flip-flop, like any other 
system with two stable states, can be described by an energy 
function with two local energy minima where P(x) = 0 (Figure 
9). Any bistable system has at least one metastable state, 
which is an unstable energy level within the system and rep- 
resents the local maximum of the energy function. The sys- 
tem’s gradient can be represented by a force, F(x), that is zero 
at stable and metastable states (inflection points of the energy 
function). 


Figure 10 shows a simplified first-order model of an RS 
flip-flop used to predict and visualize metastability. A flip-flop 
energy transfer curve (Figure 11) shows the relationship be- 
tween the two outputs. The two stable states are local energy 
minima of the system. The metastable state, M, is a local 
energy maximum and represents an unstable state with loop 
gain near M that is greater than one. 
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Figure 9. Energy/Force Function of a Bistable System 
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Figure 11. Energy Transfer Diagram of Simple RS Flip-Flop 


Figure 12 shows the trigger line for the first-order approxima- 
tion of the flip-flop. The dashed line RS represents the de- 
vice’s normal trigger line, which does not follow the transfer 
curve because, during triggering, the feedback loop has not 
been established. If at varying points along the trigger line the 
feedback loop is re-established, the nodes of the device follow 
the curves that lead to the line Sp — S;. Once on this line, the 
circuit exponentially drifts toward stability at either Sp or Sj, 
depending on which side of the line Q = Q the feedback loop 


Vout2 


Figure 12. Energy Transfer Curves showing Trigger Paths 


was re-established. The curves are solutions to the first-order 
model circuit equations for the device shown in Figure 10. 


When the feedback loop is restored near the line Q = Q, the 
system moves toward the unstable state M and can take an 
indefinite amount of time to exit from this metastable state. 
You can see this from the graph by noticing that Sp and S, are 
equally likely solutions for system stability from M. Once the 
feedback loop is re-established, the system exponentially de- 
cays toward M and then exponentially grows toward So or S;. 


Figure 13 shows the system’s possible trigger events using 
the implied time scale of the state-space curves. The solution 
of these simplified first-order equations indicates that the fast- 
est metastable resolution time occurs when the circuit’s 
gain-bandwidth product is maximized. 


Figure 13. Time Scale Showing Trigger Paths 


Flannagan (Reference 12), in an attempt to maximize the 
gain-bandwidth product, solves simplified flip-flop equations 
to determine the phase trajectory near the metastable point. 
His results, which are supported by other authors, indicate 
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that p and n devices with equal geometries produce the opti- 
mal gain-bandwidth product for metastable event resolution. 


Statistical Analysis of Metastability 


To begin the analysis of metastability, assume that the 
flip-flop’s probability of resolving its metastable state does not 
depend on its previous metastable state. In other words, the 
metastable device has no memory of how long it has been in 
a metastable region. The analysis of metastability also as- 
sumes that the flip-flop’s probability of resolving its metasta- 
ble state in a given time interval does not depend on the meta- 
stable resolution in another disjoint time interval. The 
probability that a metastable event will resolve in a given in- 
terval (0,t) is only proportional to the length of the interval. 


These assumptions yield an exponential distribution that de- 
scribes the probability that the flip-flop resolves its metasta- 
bility at a time t. The exponential distribution has the form 

fix)= pe" Eq. 3 
where m is the expected value of metastability resolution per 
unit time (settling rate). 


Using this equation and given that the flip-flop was metastable 
at time t = 0, the probability of a metastable event lasting a 
time t or longer is 


P(met,|met, . 9) = [ near =e" Eq. 4 
t 


The next part of the analysis involves the probability that the 
flip-flop is metastable at time t = 0. This part of the analysis 
assumes that the probability that the data transitions in a giv- 
en time interval depends only on the length of the interval. A 
Poisson process with rate fy describes the probability of the 
data transitioning at a time t: 


—f 
e Es. 


x1 Eq. 5 


P(X) = 


where x is the number of transitions. 


If a data transition within a bounded time interval, W, of the 
clock edge causes a metastable condition, the expected num- 
ber of transitions of this Poisson process with rate fy in time 
interval W is 


Eq. 6 


Because this expected number of transitions is the same as 
the probability that the flip-flop is metastable at t = 0, the equa- 
tion for the probability at t = 0 is 


P(met,_o)= fy¥W Eq. 7 


Using Equations 5 and 7, the probability that a given clock 
cycle results in metastability that lasts at most a time t is 


P(met,)= P(met,|met; _9)P( met; - 9) Eq. 8 


= fyWwer 


Substituting ‘sw for » allows this variable to be expressed as 
a settling time constant of the flip-flop. Further, a synchroni- 
zation failure for a given clock cycle exists whenever a meta- 
stable event lasts a specified time (t,) or longer. Using these 
two substitutions, the probability that the flip-flop is metasta- 
ble in a given clock cycle is | 


-t, 


it 

Because the data transitions are independent, the number of 

failures in n clock cycles has a binomial distribution with an 
expected number of failures: 

E( fail, eycies)= nP (fail, cycle) Eq. 10 

Assuming a sample clock frequency, f,, that represents the 

number of clock cycles, n, per unit time, the expected number 


of failures per unit time is 


-t, 


. tow 
E(fail unit ime) = fefywe | Eq. 11 
Assuming that all data transitions are independent and that 
the clock has a fixed period, the mean time between failures 
(MTBF) is 


Ae 
1 es" 


MTBF= ——-———-= 
E(fail unit time) fof yW 


Eq. 12 


where MTBF is a measure of how often, on the average, a 
metastable event lasts a time t, or longer. 


Metastability Data 


The strong resemblance between Equation 12 and Equation 
2 is based on the predictions of the first-order circuit analysis 
of an RS flip-flop. In fact, the metastability resolving time con- 
stant, tgy, is directly related to the variable t, which is based 
on the flip-flop’s gain-bandwidth product. 


The device-dependent variable W depends mostly on the 
window of time within which the combination of the input and 
clock generate a metastable condition. This parameter also 
depends on process, temperature, and voltage levels. The 
MTBF equation is usually plotted with t, (the resolving time 
allowed for metastable events) on the X axis and the natural 
log of the MTBF plotted on the Y axis (see the appendix in 
this note). Because the metastability equation is plotted on a 
semi-log scale, the graph of t, vs In(MTBF) is a line described 
by the equation 


t 
In(MTBF)= ee —In(f fyW) Eq. 13 


SW 


Graphically, the parameter ty is 1/slope of the line on this 
graph. The equation for t,,, from the graph is 


ty ~ tro 


fsw = In(MTBF,) - In(MTBF,) 


Eq. 14 
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To determine how often, on the average, a given synchronizer 
in a system will go metastable (MTBF), you must know the 
two device-specific parameters W and t,y, which should be 
available from the manufacturer. Table 1, discussed later in 
this note, lists these values for Cypress PLDs. Additional val- 
ues you need are the average frequency of both the system 
data and the synchronizer clock and the amount of time after 


_ the synchronizer’s maximum clock-to-Q time that is allowed 
_ to resolve metastable events. 


For example, consider the method for determining the MTBF 
fora Cypress PALC22V10 registered PLD used as a synchro- 
nizer in a system with the following characteristics: 


W =0.125ps 

ty =190ps 

fo = system clock frequency = 25 MHz 

fy = average asynchronous data frequency 


= 10 MHz 


In addition to these values, the PLD’s maximum operating 
frequency, fmax, is taken directly from the data sheet. The fre- 
quency is specified as the internal feedback maximum oper- 
ating frequency. It is calculated as 


1 


= 41.6MHz 
+t 


cf 


where tos is the clock-to-feedback time. If the data sheet does 
not specify ty, you can use tog as t.-’S upper bound. 


Using fmax, you calculate the amount of time that a metastable 
event is allowed to resolve, t,, with 


s 


1 1 1 


= D5MHz 416MHz ~ 18S 


t, 


i 
oe 


max 


Now you enter these values into the MTBF equation, making 
sure to keep all units in seconds: 


16x10°s 


190x10°"s 
e. x 


25x 10°s |x 20x 10°s 'x0.125x 10s 


59.7x10°"s 


1.89 x 10°" years= Almost forever 


If the operating frequency of the system, f,, is simply changed 
to 33.3 MHz, 


6x10°s 
190 x 10's 
MTBF = 


33.3 x 10°s"! x 20x 108s! x 0.125 x 10°75 


= 623x107’ s 


Ql 


YPHESO 


the system fails, on the average, about every 19,700 
years—still beyond the system’s normal lifetime. 


And if f, is changed to fma, (41.6 MHz), 


0x10°%s 

9190x 10s 

MTBF = 6-1 6-1 12 
416x10s x20x10s x0.125x10 ‘“s 


the system fails, on the average, every 9.62 ms. 


A 16-ns difference in resolve time, t,, results in almost 36 or- 
ders of magnitude difference in MTBF. Obviously, accurate 
data is needed to design a system with a high degree of reli- 
ability without being overly cautious. 


Characterization of Metastability 


Many authors (References 6, 8, 9, 10, 11, and 12) have per- 
formed numerous experiments on circuits to predict the like- 
lihood of device metastability. These researchers have used 
several testing theories and apparatus that can be classified 
into three basic types (Reference 14). 


Intermediate voltage sensors constitute the first type. Two 
voltage comparators determine whether the output voltage, 
Q, lies between two given voltages. The fixture produces an 
error output if Q has a level that is neither HIGH nor LOW, 
hence metastable. Figure 14 shows an intermediate voltage 
sensor. 


HIGH THRESHOLD 


p METASTAB 


LOW THRESHOLD 


Figure 14. Intermediate Voltage Sensor 


The second type of apparatus uses an output proximity sen- 
sor to determine if the Q and Q outputs have approximately 
the same voltages, which would indicate that the device is 
metastable. Figure 15 shows an output proximity sensor. 


Vpp 
Q METASTAB 


Figure 15. Output Proximity 


The last type of apparatus uses a late-transition sensor to test 
for metastability. Note that if one or more gates separate the 
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sensor from the metastable signal, the metastability might not 
be detected. The test circuitry must infer the occurrence of 
metastability by some other means. Figure 16 shows an ex- 
ample of a late-transition sensor. The sample input is detect- 
ed at time t;, then at a later time ty. If these two signals dis- 
agree, the device under test was metastable at t,. 


METASTAB 


Figure 16. Late-Transition Sensor 


Information from Manufacturers 


Many semiconductor companies provide metastability data 
on their parts. However, most companies do not present the 
data in a format the engineer can use. They either present 
inconclusive and incomplete data or they assume the engi- 
neer can use the data without further explanation. Few com- 
panies compare their devices with similar devices. 


PLD manufacturers provide little data largely because of a 
fear that telling the design community that devices can fail in 
synchronizing applications will cause designers to use a com- 
petitor’s parts. The truth is that no company can provide a 
device that is guaranteed never to become metastable when 
used as a synchronizer. At a given operating frequency, with 
a given asynchronous input, and given enough time, the de- 
vice becomes metastable. . 


Cypress provides you with data you can use to build a system 
to any given level of reliability wnen using Cypress PLDs. Cy- 
press has performed numerous tests and collected extensive 
data on Cypress PLDs, as well as PLDs from other compa- 
nies. This data gives you a perspective of the parts that are 
best suited for a specific application. Specific data on the 
metastability characteristics of Cypress PLDs is found in this 
application note in the Test Results section. 


The Test Circuit 


Cypress uses a test that falls into the category of the late-tran- 
sition detection. Directly measuring the outputs of the flip-flop 
ina PLD are impossible due to the additional circuitry that lies 
between the flip-flop and the outside world. The metastability 
detection circuitry must, instead, infer the flip-flop’s state. 


Figure 17 shows the metastability test circuit implemented in 
each test PLD. This circuit allows the PLD under test to effec- 
tively test itself. The device under test will both produce and 
record metastable conditions. 


Figure 18 is a state diagram showing the operation of the 
device. During normal operation, the two flip-flops’ outputs 
(F;, Fo) transition between states S, and So, depending on 
the synchronizer’s state. During normal operation, the Exclu- 
sive-OR on these outputs produces a HIGH. This indicates 
either that metastability has not occurred within the device or 
that metastability that has occurred has resolved before the 
next clock cycle. 


If a metastable event cannot resolve before the next clock 
cycle, the state machine move to states S3 or S,. In this case, 


STATE 
REGISTERS 


SYNCHRONIZER 


Figure 17. Metastability Test Circuit 


SYNCH = 0, F1/F2 = 01 


SYNCH = X, F1/F2 = 11 


SYNCH = X, F1/F2 = 11 


SYNCH = 1, F1/F1 = 10 
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the state flip-flops have interpreted the signal from the syn- 
chronization register differently; exclusive-ORing this signal 
produces a LOW at the device’s output, indicating that unre- 
solved metastability has occurred. | 


This test circuit does not catch all metastable events. Specif- 
ically, it does not record metastable events that resolve before 
the next clock cycle. But metastability causes an error only 
when it has not resolved by the time the signal is needed. The 
Cypress tests thus reveal the information designers need to 
know: how often metastability creates an error in the system. 


SYNCH = 0, F1/F2 = 01 


SYNCH = X, F1/F2 = 00 


SYNCH = 0, F1/F2 = 01 


SYNCH = X, F1/F2 = 00 


SYNCH = X, F1/F2 = 00 


SYNCH = 1, F1/F1 = 10 


Figure 18. Metastability Testing State Diagram 


The.test circuit also includes the ability to check the maximum 
operating frequency of the device under test (Figure 19). At 


Figure 19. Maximum Operating Frequency Test 


each clock edge, the first register’s output toggles. When the 
device reaches its maximum operating frequency, the PLD 
array cannot resolve the changing signal fast enough to pro- 
duce a valid output. At this speed, one register might resolve 
the signal correctly and one might not, or both might produce 
invalid signal resolutions. In any case, when Exclusive-ORing 
the state T,/T> of the two maximum-frequency testing regis- 
ters results in anything other than a HIGH, the part’s maxi- 
mum operating frequency is exceeded. 


The Test Board 


A four-layer printed circuit board with two signal planes, a 
ground plane, and a power plane is used to perform the meta- 
stability measurements. Using this four-layer board gives a 
quiet testing environment with reliable, repeatable results. 
Figure 20 shows a block diagram of the test board, with the 
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complete schematic shown in Figure 21. The device under 
test (DUT) is decoupled with 0.01-mF and 100-pF capacitors. 
The test circuit is designed to fit all industry-standard and 
Cypress-proprietary PLDs. The socket allows DUT pins 1, 2, 

and 4 to serve as clock pins. Pin 3 is the device’s asynchro- hrsia Cena 
nous input. The ERROR condition is located on pin 27 of a Pa og, 

28-pin device, and the FAIL condition is on pin 20. Two addi- ERROR 


=)=/=]= 


METASTABILILITY 
EVENT DISPLAY 


EVENT 


tional outputs, F; and Fz, monitor the state of the metastability ASYNC_IN METASTABILITY FY 
test circuit flip-flops. TESTING 

CLOCK F2 

MAXIMUM FAIL 


FREQUENCY 
TESTING 


Figure 20. Metastability Test Board Block Diagram 
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Figure 21. Metastability Test Board Schematic 

trace. The input line is also terminated with a 50Q resistor and 
buffered with a 74AS04. Four PLDs drive a four-digit LED 
display that counts metastability occurrences. 


All inputs and outputs connect with BNC connectors located 
_ around the board. The clock line, which is terminated with a 
50 resistor to match the coax input impedance, is buffered 
with a 74AS04 and isolated from other signals by a ground 
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After going LOW in response to a metastable event, the ER- 
ROR signal automatically transitions HIGH again at the next 
system clock. This LOW-to-HIGH pulse produces a clock to 
the input of the first PLD, which in turn increments the display 
of metastable events. When a digit reaches 9, the next occur- 
rence of metastability generates a cascade signal to the next 


higher digit. 
METASTABILITY 


In this way, the test board can record a maximum of 9,999 | EVENT DISPLAY 
metastable events. If a metastable event is received at 9,999, 2465 CTS 
all LEDs switch to E, indicating that an overflow condition oc- OSCILL 


curred. A reset button resets all counters and initializes the 
DUT. 


Test Set-Up Figure 22. Metastability Test Set-Up 

Figure 22 shows a block diagram of the test set-up used for cause these devices have the best metastable resolution time 
metastability testing. Two independent pulse generators and thus make the best synchronizers. Several parts from 
(Hewlett-Packard 8082As) produce the CLOCK and the each device type were tested to ensure an average metasta- 
ASYNC_IN signal to the test board. A Tektronix DAS9200 log- bility characteristic for that product. Where possible, parts 
ic analyzer records metastable events. A 2465 CTS digital from different date codes were selected to eliminate varia- 
oscilloscope with frequency counter accurately determines tions among different wafer lots. 

the DUT’s maximum operating frequency and the ASYNC_IN Testing for a specific device starts by creating the high-level 
and CLOCK frequencies. description written in VHDL to be used with the Warp2 VHDL 
Test Procedure Compiler. Figure 23 lists the behavioral description used for 


a me generating a JEDEC file. All devices were programmed using 
Cypress has tested all its 20-, 24-, and 28-pin PLDs. The JEDEC files generated by Warp2. 


fastest speed grades of each device type were tested be- 


package test is 
component metastability port ( 
clock, async_in, reset : in bit; 
Laid, perror;,  fly.f2 =. Cue Dik); 
end component; 
end test; 


entity metastability is port ( 

clock, async_in, reset : in bit; 

. ball; perror; £i,...f2-% out. bit)s 
end. metastability; | 


use work.bv_math.all 


architecture fsm of metastability is 


Signal sync : bit; 

Signal tsync : bit; 

Signal th;t2:.% bite 

Signal f1_tmp, £2 tmp : bit; 
Signal error_tmp : bit; 
Signal fail_tmp : bit; 


begin 
procl: process begin 


Wait. until clock => "i". 
syne <= async_in; 


end process; 


Figure 23. Warp2 VDHL Behavorial Description for Metastability Testing 
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proc2: process begin 
Walt until clock. =. °*1%; 
FLetinp: <=. sync 
£2 tmp. <= inv(syvnc); 

end process; 

proc3: process begin 


Walt nti -elock =: 1's 

error_tmp <= ((((inv(reset) 
or ((inv(reset) and inv(fl1_tmp) ) 
or (reset and inv(error_tmp))); 


end process; 


proc4d: process begin 


Wart “antail: elock -. "i" 
if (tsyne ‘1’) then 
LSync <=. “O."% 
else 
tsyne <= 
end if; 


PA 


end process; 
proc5: process begin 


wait until clock Se 


El <=] tsyrc; 
bo. 2=- any Cesyne); 


end process; 
proc6: process begin 


Walt Until clock ‘= L* 
fail_tmp <= (tl xor t2); 


end process; 


fail <= inv(fail_tmp); 
perror <= inv(error_tmp); 
£1. <= ianvttl.tmp)- 

f2.<=- invert? tmp) = 


end fsm; 


and f1_tmp) 
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and inv(£2_tmp) ) 


and £2 tmp) ) 


Figure 23. Warp2 VDHL Behavorial Description for Metastability Testing (continued) 


Each part is programmed, then tested for its maximum oper- 
ating frequency, fax. By attaching the FAIL output to the os- 
cilloscope and observing the clock frequency at which the 
device started to malfunction (FAIL going LOW periodically), 
the maximum operating frequency for that part is determined. 
fmax indicates the maximum rate at which metastability mea- 
surements can be taken with accurate results. Above this fre- 
quency, metastable events are indistinguishable from errors 
caused by exceeding fmax- 


To determine each device’s metastability characteristics, 
measurements are taken of the number of metastable events 
that occurred in a given time interval for several different clock 
and data frequencies. 


Equation 13 can be used to describe the graph of the meta- 
stability characteristics of the device: 


t 
In(MTBF)= —In(f f.W) 
SW 
The slope of the line, tgy, can be determined only by forcing 
the Y intercept of the graph (In(f,fyW)) to a constant value 
when using Equation 14: 


ty io tro 


'sw= In(MTBF,)—In(MTBF,) 


Note that tg, is a constant, device-specific parameter. 


= 
==7 CYPRESS 


Because W is also a constant, device-specific parameter, it is 
only necessary to hold the product f.fy constant to make 
In(f,fyW) constant. The independent variable t, is varied by 
changing f, to produce changes in the dependent variable 
In(MTBF). Decreasing the frequency f, from its fina, value in- 
creases the metastable resolution time, t,, and decreases the 
probability that a metastable event will last longer than t,. 


As f, is decreased below a certain limit, the MTBF becomes 
too large to measure accurately. A metastable event occurring 
every minute is chosen as the upper limit for MTBF measure- 
ments. The range of clock rates for metastability testing is 
then between fax, and the metastable-event-per-minute 
clock rate. Between these two rates, a selected frequency 
constant (f,.fy) ensures that no point in this range has a clock 
frequency less than twice the data frequency. This is because 
a data signal that transitions more than once per clock period 
cannot be effectively sampled. 


After determining this constant, data is taken from several test 
points within the test range by varying f, and fy. The data at 
each test point is averaged among all test devices, and the 
equation for the line through these points is determined using 
a linear regression analysis. The correlation between the line 
and the data points verifies that the metastability equation 
accurately describes the test data. From the calculated re- 
sults, the constants W and t,y are extracted. 


Test Results 


Table 1 and the Appendix list the results of the metastability 
analysis of Cypress PLDs. Table 7 also lists the maximum 
data book operating frequency, fmax; the metastability equa- 
tion constants, W and t,y; the metastability resolve time, t,, 
required for a 10-year MTBF; and the process for that part. 


You can use this data to determine the maximum metastabil- 
ity resolve time (t,) that you must use in a system to yield a 
given degree of reliability. The graphs and constants (W and 
tsw) can be used with any speed grade of the device, but it is 
suggested that the fastest speed grade of the specific PLD be 
used for optimum synchronizer performance. These graphs 
indicate the time (t,) and the device’s minimum clock period 
that must be used to produce a desired degree of reliability. 


For example, to determine the operating parameters of the 
Cypress PALC22V10-20 from Table 71 when using the device 
as a synchronizer, determine the desired MTBF. With a 10-yr 
(315 x 108s) MTBF, for instance, a synchronization failure will 
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occur once every 10 years on the average. The maximum 
operating frequency (fmax) from the PALC22V 10's data sheet 
is 41.6 MHz. From this information, you can determine the 
minimum time (t,) beyond the device’s minimum operating pe- 
riod that must be added for metastability resolution: 


t, 


~ 


e Sw 
fof ,W 
t = t,,(In(MTBF) + In(f.fyW)) 
t, = (0.190 x 10 ’s)[In(315 x 10°s) 


+ In(41.6 x 10° 41.6 x 10° x 0.125 x 10°'7)] 
= 4.73 ns 


MTBF = 


This analysis assumes that the clock, f,, operates at fax 
(41.6 MHz) and that the average asynchronous data frequen- 
cy is no more than half the clock frequency. The latter condi- 
tion ensures effective data sampling by the synchronizer. fy, 
as explained in the Statistical Analysis of Metastability section 
represents the rate at which the data changes state. f, is twice 
the average frequency of the asynchronous data input be- 
cause, during any given asynchronous data period, the asyn- 
chronous data changes state twice: once from LOW to HIGH 
and again from HIGH to LOW. Because either of these state 
changes can cause a metastable event, fy must be set to 
twice the average asynchronous data frequency when deter- 
mining the worst-case MTBF. 

Due to the real-world uncertainty in factors such as trace de- 
lays and the skew in clock generators, 5 ns is used instead of 
4.73 ns for t,. The synchronizer’s maximum operating fre- 
quency, f,, in this system is then 


1 1 


o tetas t 10ns+12ns+5ns_ gene 


f 


The effective MTBF using these new values for t, and f, is 


5x10°s 
0.190 x 10°’s 
e 


37.0 x 10°s! x 37.0x 10°s' x 0.12510 's 
= 1.57x10°= 49.7 years 


MTBF = 


Table 1.Metastability Characteristics of Cypress PLDs. 


PALC16R8-25 
PLDC20G10-20 
PALC20RA10-15 
PALCE22V 10-7 
PALC22V10B-15 
PALC22V 10-20 41.6 
CY7C331-20 
CY7C335-100 
CY7C344-20 


wn) [WE | tew(@)— | efor TOTO =) 
[00 [sree [oases [ae 
| 


7.55 


ET 
TT 
ee 
a ~ 
ae 
ee. 
TT et 
OES 4. 


ee 
==" CYPRESS 


Another example focuses on the CY7C330-50 used as a syn- 
chronizer in a system whose output registers are clocked at 
an f, of 35.7 MHz, and the data has an average frequency of 
10 MHz. The MTBF for this device used as a synchronizer is 
calculated by first determining the metastable resolution time, 
t,, allowed for synchronization. The maximum operating fre- 
quency of the part is specified in Cypress’s Data Book as 


1 


ee 
toot lis 


max 
where t,, in this case specifies the clock-to-feedback delay, 
and t, specifies the set-up time of the output registers. t, is 
calculated with the equation: 


t mee 1 pte yp te ae rs 
(Fo fmay  35-7MHz_ 50.0MAz 
With this result, the MTBF is 
8x10°%s 
0.290 x 10°°s 
MTBF = 6-1 6-1 “12 
35.7x10 s x20.0x10 s x1.02x10 “Ss 


= 1.31x10°= 41.6 years 


This equation uses the same values for W and ty with this 
50-MHz device as with the 66-MHz device listed in Table 7. 
As stated previously, the constants listed in Table 7 are valid 
for all speed grades of a specific device. Also note that the 
10-MHz average data frequency is doubled to produce the 
frequency of data transitions, fy. 

The last example illustrates how to use a Cypress 
PALC22V10C-10 as a synchronizer. For a 10-year MTBF, as- 
suming the maximum f, from Cypress’s Data Book and fy, the 
required t, is 


t,= (0.547 x 10 ’s)[In(315 x 10°s) 
+ In(90.9 x 10° x 90.9 x 10° x 8.08 x 10°'*)] 
= 13.0 ns 


Using this result, the synchronizer’s maximum operating fre- 
quency is reduced from 90.9 MHz to 


sees 1 = 41.6MHz 
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Two-Stage Synchronization 


As explained earlier, you can use a second register in series 
to perform two-stage synchronization (Figure 4). This is ac- 
complished by feeding the output of the first synchronization 
register to the input of the second synchronization register. In - 
PLDs, this method is common because the first synchroniza- 
tion stage can synchronize the asynchronous input signal, 
and the second synchronization stage can perform a Boolean 
function on a combination of the input and output signals. 
Boolean functions can be performed at either stage; the 
metastability characteristics listed in Table 1 apply to PLD 
registers’ asynchronous inputs that are used directly as well 
as asynchronous inputs used as a Boolean combination of 
existing inputs and outputs. 


When implementing a two-stage synchronizer in a PLD, the 
probability that a synchronizer is metastable after the second 
stage of synchronization is the square of the probability that 
a synchronizer is metastable after the first stage of synchro- 
nization. The MTBF equation is 

ip» Re 


tea 
e 


From this result, the equation for t, becomes 
t (In(MTBF) +2 x In(f.fyW)) 
== = 229, = 


Using this result for a two-stage synchronizer in a Cypress 
PALC22V10C, the t, fora 10-year MTBF is reduced from 13.0 
ns to 


t,= (0.5)(0.547 x 10°°s)[In(315 x 10°s) 
+ In(90.9 x 10° x 90.9 x 10° x 8.08 x 10 "°)] 
= 7.65 ns 
The maximum f, increases from 41.6 MHz to 
1 1 
on ae oa ee: ee 
r 90.9MHz 


This example shows that if the cycle of latency caused by the 
additional synchronization stage is acceptable, you can dra- 
matically increase the synchronizer’s maximum operating fre- 
quency. 


= 53.6MHz 
+ 7.65nS 
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Appendix A. Metastability Graphs of Cypress Devices 
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Appendix A. Metastability Graphs of Cypress Devices (continued) 


Cypress PALC20RA10-15 
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Appendix A. Metastability Graphs of Cypress Devices (continued) 
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Appendix A. Metastability Graphs of Cypress Devices (continued) 


Cypress CY7C331-20 
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Appendix A. Metastability Graphs of Cypress Devices (continued) 


Cypress CY7C344-20 
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Designing with the CY7C335 
and Warp2® VHDL Compiler 


This application note provides an overview of the CY7C335 
Universal Synchronous EPLD architecture and Warp2® 
VHDL Compiler for PLDs. Example designs demonstrate how 
the Warp2 VHDL compiler takes advantage of the rich archi- 
tectural features of the CY7C335. 


The CY7C335 is a synchronous EPLD optimized for high-per- 
formance state machines and other clocked systems that op- 
erate at speeds of up to 100 MHz. The CY7C335 uses Cy- 
press’s low-power, 0.8-micron CMOS UV erasable 
technology and is packaged in 28-pin, 300-mil dual in-line and 
LCC/PLCC packages. 


The CY7C335 builds on the popularity of the high-speed 
CMOS PALCE22V10 and exceeds the capability of the 26V12 
and 26CV12. The CY7C335 offers significantly higher density 
solutions and can replace as many as four 22V10s. It has 258 
variable product terms for 16 state registers (ranging from 9 
to 19 product terms per macrocell), macrocells that can be 
configured as JK-, RS-, T-, or D-type, bidirectional pins, by- 
passable input registers, three clocks, and a product term out- 
put enable for each macrocell. 


In addition to supporting the features of the CY7C335, the 
Warp2 VHDL compiler enables the designer to create de- 
signs, using any combination of high-level behavioral descrip- 
tions, Boolean equations, state tables, or RTL structures, that 
can easily be retargeted to any Cypress PLD. 


Warp2 is a state-of-the-art VHDL compiler that facilitates de- 
vice-independent designs by synthesizing for a powerful sub- 
set of IEEE1076. Optimization and reduction algorithms au- 
tomatically select T- or D-type flip-flops and perform 
automatic state and pin assignment. Warp2 includes a graph- 
ical user interface (which runs under Windows™ for the PC, 
and OpenLook™ or Motif™ for the Sun) and comes complete 
with a functional simulator for graphical waveform simulation. 


Overview of the CY7C335 


Figure 7 is the block diagram of the CY7C335. Three sepa- 
rate clock signals—two input and two output clocks (one 
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shared)—can be used on pins 1, 2, and 3. Alternatively, pins 
2 and 3 can be used as two of twelve inputs that may be 
registered or fed directly to the programmable AND array. Pin 
14 can be used as an input or as a common output enable for 
each I/O pin. Outputs can also be enabled by product terms. 
The device features center ground and supply pins that re- 
duce ground bounce due to parasitic effects, particularly lead 
inductance. 


Figure 2 illustrates the input macrocell. Each D-type input 
register can use either ICLK1 or ICLK2. Alternatively, the in- 
put register bypass multiplexer can be programmed to allow 
the signal to feed directly to the array as combinatorial input. 


Twelve configurable 1/O macrocells enable JK-, RS-, T-, or 
D-type state registers to optimize for minimal product terms. 
Figure 3 illustrates the I/O macrocell, which includes the fol- 
lowing features: (1) registered or combinatorial output; (2) 
global (by pin 14) or product term output enable; (3) global, 
synchronous, product-term set and reset; (4) three 
clocks—two can be used as input clocks and two can be used 
as output clocks (with one shared); (5) input/output flexibility 
(the cell can be configured as input only, output only, or a 
dedicated input with a buried register by using the shared 
input multiplexer and thereby maximizing cell resource utiliza- 
tion). 


In addition to the input and I/O macrocells, the CY7C335 fea- 
tures four hidden macrocells, one of which is shown in Figure 
4. Buried registers are highly useful for state machines, inter- 
nal counters, or other applications that need registers that are 
not also used as outputs. 


The clocking scheme is shown in Figure 5. The CY7C335 can 
utilize three separate clocks. Two clocks are inputs to each of 
the input clock multiplexers and state clock multiplexers. If two 
clocks are used on both the input and the state registers, then 
one of the clocks is shared, because a total of three clocks 
are supported. Pin 1 is a dedicated state clock pin, designat- 
ed SCLK1 (state clock). Pins 2 and 3 may be used as either 
inputs or clocks, as shown in Figure 5. 
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Figure 2. CY7C335 Input Macrocell 
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Figure 3. CY7C335 Input/Output Macrocell 
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Figure 4. CY7C335 Hidden Macrocell 
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Figure 5. CY7C335 Input Clocking Scheme 
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Overview of Warp2 


Warp2 is a state-of-the-art VHDL compiler for designing with 
Cypress PLDs. Warp2 accepts VHDL designs, synthesizes 
and optimizes the entered design, and outputs a JEDEC file 
for the CY7C335. Warp2 also provides a graphical waveform 
simulator for functional simulation. Figure 6 illustrates the 
Warp2 design flow. 


VHDL Compiler 


As an open, non-proprietary, IEEE1076 compliant language 
that is the standard for behavioral design entry and simula- 
tion, VHDL allows designers to easily describe complex hard- 
ware systems. 


Warp2’s VHDL enables designers to describe device-inde- 
pendent designs at different levels of abstraction, including 
behavioral descriptions, Boolean equations, state tables, and 
structural descriptions. In addition, VHDL and Warp2 support 
hierarchical designs, allowing either a “top-down” or “bot- 
tom-up” approach to design. 


Design Examples 


The following design examples demonstrate how to use 
Warp2 and VHDL to take advantage of the CY7C335 archi- 
tectural features. The purpose is to show some VHDL con- 
structs that are particularly useful for the CY7C335 architec- 
ture as well as point out designs that are well suited for the 
device. Further information on VHDL constructs may be 
found in the Warp2 Reference Manual or one of several texts 
available on the language. For each of the examples, the 
complete VHDL source code and an excerpt of the report file 
may be found in the appendices. 
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Figure 6. Warp2 Design Flow 
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Pipelined Buffer — 


This example demonstrates how to use VHDL code to imple- 
ment a pipelined buffer (see Figure 7) with multiple clocks and 
output enables. The CY7C335 is well suited for pipelined ap- 
plications because it has input registers in both the input mac- 
rocells as well as the I/O macrocells. 


The complete VHDL source code is printed in Appendix A of 
this note. The pipeline architecture is reprinted in Figure 8. 


The pipeline is implemented in three processes. The first pro- 
cess registers (using CLK1 on the input registers) the upper 
four bits of the input signal |. The second process registers 
the lower four bits, using CLK2. The signal INTMP represents 
the q output of these registers. The third process registers the 
signal INTMP, with OUTTMP being the q output of these reg- 
isters. This signal reaches the I/O pins if output is enabled, as 
explained below. 


Below the three processes is a generation scheme which is 
used to instantiate eight triout components (see Figure 9). 
The triout components are used to implement an output en- 
able. The upper four bits of the output are enabled by OE1 
(which is assigned to pin 14 by Warp) and the lower four bits ~ 
use a product term output enable, PTOE. 


The complete VHDL source code for this example is in Ap- 
pendix A. A report file excerpt, showing resource utilization, 
is shown in Appendix B. This excerpt shows that 8 of 12 I/O 
macrocells were utilized. However, not all resources (the input 
registers; for example) in those macrocells were utilized. 


Comparator with Registered Inputs 


In high-speed systems, such as microprocessor local buses 
that operate at 40, 50, or 66 MHz, data or addresses must be 
captured from the bus (when qualified with a strobe) with 
set-up times of 3 to 5 ns. Few logic functions can be imple- 
mented in this time, and for this reason data or addresses are 
captured and then processed in pipeline fashion. The 
CY7C335, with its input registers, is well suited for such 
high-speed systems. 
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Figure 7. Pipelined Buffer Block Diagram 


use work.rtlpkg.all; 
architecture archpipe of pipe is 
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Signal intmp, outtmp: bit _vector(7 downto 0); 


Signal ptoe: bit; 
begin 
procl: process 
begin 
wait until clkil = ‘1’; 


intmp(7 downto 4) <= i{7 downto 4); 


end process; 


proc2: process 
begin 
Wale: Until. Cleo. = - “17% 


intmo (3s downto-(0):. <=. 143° downtse. 0); 


end process; 


proc3: process 
begin 
WALLS nti .clkO t=: 1s 
CUETID: <=: Ine s 
end process; 


ptoe <= oel AND oe2; 


g1: for j in 7 downto 0 generate 
g2:if j > 3 generate 
tlx: triout port map(outtmp(j), 
end generate; 
g3: if j < 4 generate 
t2x: triout port map(outtmp(j), 
end generate; 
end generate; 


end archpipe;- 


Figure 8. Pipeline Architecture 


OE 
X ¥: 


component triout 


port ( 
X: in bit; --input to buffer 
oe: in bit; -- output enable 
y: out bit; -- output 


ie 


end component; 
Figure 9. Triout Component 


In this simple, register-intensive example, all 18 inputs are 
registered and the output is combinatorial (Figure 10). As not- 
ed in Appendix D, this design leaves much of the CY7C335’s 
resources free for additional logic. The 22V10, however, 
would be unable to fit a 5-bit comparator with registered in- 


puts. Ten macrocells would be consumed when registering 
the inputs, leaving no macrocells for the AEQB combinatorial 
output. The 22V10 fares poorly in such pipelined systems be- 
cause it does not have input registers and must therefore 
waste output macrocell resources. 


The VHDL source code can be found in its entirety in Appen- 
dix C. The architecture is reprinted below. 


architecture archcomp of comp is 
Signal a, b: bit_vector(0 to 8); 


begin 
proci-: process begin 
Wet inta). cik. <=, 
a <= a_in; 
ome — ae OOS aE 


end process; 


aeqb <= ‘1’ when a=b else ’0’'; 


end archcomp; 


CLK 


Figure 10. Comparator 


The process is used to register the inputs on the rising edge 
of CLK1. The equation for AEQB is placed outside of the pro- 
cess because it is a combinatorial output. 


Multiplexer with Registered Inputs and Outputs 


Registered multiplexers and demultiplexers demand a large 
number of inputs and outputs. This example (see Figure 11) 
takes advantage of the CY7C335 input and output registers, 
two groups of six-bit-wide signals are captured via the input 
registers and signal SEL selects one of the groups, which is 
then registered on the output. The complete VHDL source 
code can be found in Appendix E. The architecture is reprint- 
ed below. 


architecture archmux of mux is 
Signal x, vt bie vector(s downto.0); 
begin 
procl; process begin 
Wale Unti! Clk S-hi’s 
> ae <a e 
y <= yin; 
if sel = ‘1’ 
Gout = xs 
elsif sel 


then 


SO Ener. 


Figure 11. Multiplexer 
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Qout.-<=. V7 
end if; 
end process; 
end archmux; 


On the rising edge of CLK1, the inputs are registered while 
the outputs are propagated. Thus, data on the inputs is not 
propagated to the outputs until the second rising edge. 


Decoder 


Faster microprocessors require decoders to operate at higher 
frequencies. Many high-density PLDs and FPGAs cannot 
meet speed requirements, leaving designers to opt for 
ASIC-based solutions which can be time consuming and ex- 
pensive. The CY7C335 is another option. 


Consider a 16-bit address that requires decoding to address 
system memory elements (SRAM, PROM, EEPROM and 
“shadow” RAM) and two peripheral ports. At times other than 
boot-up, the microprocessor fetches instructions from shad- 
ow RAM that is loaded from PROM during boot-up. Figure 12 
shows the VHDL architecture that decodes the memory map 
shown in Figure 13. Appendix H shows that the CY7C335’s 
resources easily handle this application while operating at 
speeds to 100 MHz. 


Up/Down Counter with Upper and Lower Limits 


This example demonstrates how to use VHDL code to imple- 
ment the up/down counter shown in Figure 14. The CY7C335 
is particularly well suited for this design because it supports 
three clocks and has flexible I/O. This design requires the 
following resources: three clocks (two inputs and one state), 
eight input registers for the lower limit, eight input registers for 
the upper limit, one input each for the preset HIGH, preset 
LOW, reset, and output enable signals, eight state registers 
for the counter, one state register each for the comparators, 
and one state register for the counter direction signal. 


A total of 20 inputs and 8 outputs are required; consequently, 
this design utilizes bidirectional signals. The counter output is 
three-stated to load six bits of the upper limit into input regis- 
ters of I/O macrocells. For example, the least-significant 
counter bit is stored in a state register and the least-significant 
upper-limit bit is stored in the input register of the same mac- 
rocell. The least-significant upper-limit bit feeds into the array 
via the shared input multiplexer. (The shared-input multiplex- 
ers are placed between adjacent I/O macrocells, and allow for 
input when the macrocell register is buried.) The CY7C335 
provides six of these multiplexers. The two most significant 
bits of the upper limit are passed into the array through an I/O 
pin configured as a dedicated input. The two most significant 
bits of the upper limit and counter may be externally tied to- 
gether so the design can be bidirectional. 


The up/down counter counts between limits stored in the in- 
put registers. The lower-limit (LL) is loaded into the registers 
on the rising edge of CLK1 while the upper limit is loaded on 
the rising edge of CLK2. On CLKO, if preH is asserted, then 
the upper limit is loaded into the counter, and if preL is assert- 
ed, then the lower limit is loaded into the counter. 


The 22V10 would not suffice for this design. Although the 
22V 10 has been an attractive choice of devices to implement 
counters and state machines, it suffers a limitation in addition 
to its poor handling of pipelined systems: it does not have any 
buried registers. 


In counters and encoded state machines, registers often 
need not be apparent to the outside, meaning the registers 
can be buried within the device. In the 22V10, all macrocells 
are connected to I/O pins. Thus, even when a macrocell reg- 
ister is being used in a buried sense, the I/O pin is committed, 
thereby preventing the pin from being used as an additional 
input to the device. 


use work.bv_math.all; 
architecture behav of decode is 
Signal address: bit _vector(15 downto 0); 
begin 
address <= a & “000"; 


procl: process begin 
Walt wntaJi clk. 2" 
promsel <= ‘0’; 
shadowsel <= ’0’; 
periphl <= ‘0’; 
periph2 .<=--" 0's 
sramsel <= '0’; 
eesel <= '0’; 
at valid. -= ‘1”" then 
1f address >= x”0000" 
if bootover = ‘0’ then 
promsel <= ‘1’; 
else 
Shadowsel <= 
end if; 
elsif address >= x”4000" 
periphl <= ‘1’; 
elsif address >= x”4008" 
periph2 <= “1 
elsif address >= x”8000" 
sramsel <= ‘1’; 
else address >= x”C000" 
eesel <= ‘1’; 
end if; 
end if; 
end process; 
end behav; 


et ae 


then 


and address 


and address < x”4008" 


and address < x”4010" 


and address 
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In addition to overcoming the 22V10’s shortcoming with pipe- 
lined systems by having input registers in both the input and 
/O macrocells, the CY7C335 provides a solution to the 
22V10’s density problems with regards to counters and state 
machines by providing four buried registers. Additionally, 
pairs of macrocells have a shared input multiplexer that allows 
up to six additional inputs, even when all twelve I/O macro- 
cells have their registered outputs feeding back into the AND 


array. 


< x”"4000" then 


then 
then 


< x”"C000" then 


Figure 12. VHDL Architecture 
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FFFF 
EEPROM 
C000 
SRAM 
8000 
4010 
pee PERIPHERAL 2 
4000 PERIPHERAL 1 
PROM/ 
gi bow 
0000 


Figure 13. Decoder Memory Map 


up/down 
counter 


Figure 14. Up/Down Counter 
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The VHDL source code for this example is in Appendix | of 
this note, and the architecture is reprinted in Figure 15. 


The up/down counter is implemented in three processes, a 
generation scheme, and two concurrent statements. In the 
first process, the lower limit is registered on the rising edge of 
CLK1. The signal LOWER registers the input signal LL. The 
second process registers the upper limit on the rising edge of 
CLK2. The third process implements (1) the up/down counter 
with reset, preset LOW, and preset HIGH, (2) two compara- 
tors, and (3) the direction signal (DIR) that indicates to count 
up (logic 1) or down (logic 0). The comparators and the direc- 
tion signal are clocked by CLKO, forcing the counter to change 
direction from up to down or vice-versa two clock cycles after 
the count matches one of the limits. For this reason, the upper 
limit should be loaded with a value two less than the greatest 
desired count, and the lower limit should be loaded with a 
value two greater than the least desired count. 


The generation scheme below the three processes is a 
means to instantiate 6 bufoe components (see Figure 16) and 
two triout components. The bufoe components are used to 
implement the output enable and provide a feedback path for 
the upper limit. The CY7C335 has six shared input multiplex- 
ers that allow six bits of the signal count to utilize the state 
registers while enabling six bits of the upper limit to be loaded 
into the input register associated with the same macrocell. 
The remaining two bits of count will be placed in I/O macro- 
cells in which the input registers are not used, and the two bits 
of the upper limit will be in two I/O macrocells configured as 
inputs. To enable bidirectional operation, the input and output 
pins for the associated upper limit and count bits can be con- 
nected externally. This is the reason for instantiating two triout 
components on the most significant two bits of the count. 


Serial Decoder 


The CY7C335’s state registers and abundant product terms 
make it a good choice in which to implement state machines. 
The following VHDL code uses a state machine to implement 
a serial decoder that searches for a synchronization word 
within serially transmitted data. The sync word is the byte 
11101000 and is expected to be repeated every 16 bytes. 
When the sync word is found, MATCH is asserted. When the 
sync word is found separated by 15 bytes three consecutive 
times, LOCK is asserted. The state diagram for this example 
is shown in Figure 17. 


The architecture of this design is printed in Figure 18 and the 
complete VHDL code is in Appendix K. The resources that 
this design uses (Appendix L) show that there is room for 
more logic within the device. For instance, the comparator 
with registered inputs described earlier could fit in the device 
along with this design. 


The first process within the architecture defines the state tran- 
sitions. The second process is one that is synchronized by the 
clock. The output MATCH is determined by the present inputs 
and the currents state. This implements a Mealy machine. 
The counter process counts the number of bits after a match, 
and the synchronizer process checks to see if a match occurs 
15 bytes after the previous one. If a match is separated by 15 
bytes for three consecutive times, then on the fourth consec- 
utive match separated by 15 bytes, LOCK is asserted. 
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use work.bv_math.all; 
use work.rtlpkg.all; 


architecture archupdown of updown is 
Signal lower, upper, ul, count: bit _vector(0 to 7); 
Signal cegu, ceql, dir: bit; 


proci: process 


Wait until clkl = ’1"; 
lower <= ll; 
end process; 


proc2: process 
begin 
Wale Unter rk? sh is 
upper <= ul; 
end process; 


proc3: process 


begin 
Watt “unti selkO: 2 ts 
-- implement counter 
if reset = ‘1’ then 
COUnE =S“se"0 0": 
elsif preL = ‘1’ then 
count <= lower; 
elsif preH = ‘1’ then 
Count. <= Upper: 
elsif (dir = "1") ‘then 
count <=] ine. by (count): 
else: 
count <= dec_bv(count); 
end if;-- implement comparators & direction signal 
if count = upper then 
CoG. <a. ies 
else 
cequ <= "0-3 
end if; 
if count = lower then 
CeGl <= i 3 
else 
CEG ee es 
end if; 
if .ceql = *1" then 
Gir <= 71's 
elsif cequ = ‘1’ then 
die =: 60's 
else 
dir 2] dirs 
end if; 


end process; 


Figure 15. Architecture 
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for iin Oto 7 generate 

bidir:if 1 < 6 generate 
bx:bufoe port map(count (i), 
end generate; 

trist:if 1 > 5 generate 
tx:triout port map(count(i), outen, 
end generate; 

end generate; 


outen, countio(i), ul(i)); 


COUNMETO( 1 )) 


ul(6) <= ule: 
WL 7) see a7 


end archupdown; 


Figure 15. Architecture (continued) 


OE 
xX Y 
YFB 
component bufoe 
port ( 
xX: in bit; --input to buffer 
oe: in bit; --output enable 
y: inout x01z; --x01z output 
yfb: out bit; -- feedback 


kG 
end component; 


Figure 16. bufoe Component 


Figure 17. State Diagram 
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use work.int_math.all; 

use work.bv_math.all; 

architecture archserial of serial is 

type states is (state0, statel, state2, state3, state4, state5, state6, 
state7); 

Signal state, nextstate: states; 

Signal match_cnt: bit_vector(1l downto 0); 

Signal bit_cnt: bit_vector(6 downto 0); 


begin 
fsm: 
process begin 
Match <=" *Os% 
case state is 
when state0Q => 
if data = “Ll and. (lock -= “0 or: bit. cnt = “1T12L1000"). then 
nextstate <= statel; 
else 
nextstate <= stated; 
end if; 
when statel => 
1f data = ‘'1’ then 
nextstate <= state2; 
else 
nextstate <= state0; 
end if; 
when state2 => 
if data = ‘1 then 
nextstate <= state3; 
else 
nextstate <= state0; 
end if; 
when state3 => 
if data = ‘0’ then 
nextstate <= state4; 
else 
nextstate <= state3; 
end if; 
when state4 => 
Lt - deta = “lL then 
nextstate <= state5; 
else 
nextstate <= state0; 
end if; 
when state5 => 
1£f data = ’0’ then 
nextstate <= state6; 
else 
nextstate <= state2; 
end if; 


Figure 18. 
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when state6 => 
if data: = *0" 
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then 


nextstate <= state7; 


else 
nextstate <= statel; 


end if; 
when state7 => 


a Os 


then 


if data 
nextstate <= stated; 


match <= 
else 
nextstat 
end if; 
--No “when othe 
end case; 


end process; 


mealy: 


process begin 


an ae 


e <= Statel: 
rs” needed since CASE is completely defined. 


Ae 3 


wait until clk = 
state <= nextstate; 


end process; 


counter: 


process begin 


a 


wait until clk = 
then 


if match = 


oe 
*“Q000000"; 


bit cnt <= 


else 


end if; 


Div-cne —= inc bv (bit cnt) ¢ 


end process; 


synchronizer: 
process begin ? 

wait until clk 
ase et Us 


Re Dre ont. = 
ees 


a es 
then 
then 
then 


L£ match = 
hey Maceh cnt: =, “iL 


Lock: <=. °F ie"s 
inc_bv(match_cnt) ; 


else 
Mmabehnicnt <= 


end if; 


else 
match _cnt <= 


LOCK ta. SOs 
end if; 


end if; 
end process; 
Figure 18 


end archserial; 


8 O18 aa 


. (continued) 
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Appendix A. Warp2 VHDL Source Code for Pipelined Buffer 


entity pipe is 
port (clk0, clk1, clk2: in bit; 

oel, oe2: in bit; 

in bit_vector(7 downto 0); 


Ll: 
Ot: CUE x01 2-vector(7 downto 0) )s 
end pipe; 


use work.rtlpkg.all; 
architecture archpipe of pipe is 

Signal intmp, outtmp: bit_vector(7 downto 0); 
Signal ptoe: bit; 

begin 

proci: process 


begin 
Wekt: Wael: Chel ae 7a 
intmp (7 downto 4) <= i(7 downto 4); 


end process; 


proc2: process 
begin 

Walt until clk2 = ?1"; 

intmp (3 downto 0) <= i(3 downto 0); 


end process; 
proc3: process 
begin 
Wett Until cl kO oS 1 
outtmp <= intmp; 
end process; 


ptoe <= oel AND oe2; 


for j in 7 downto 0 generate 


oe 
g2:if j > 3 generate 
tlx: triout port map(outtmp(j), oel, o(5)); 
end generate; 
g3: if j < 4 generate 
ptoe, o(j)); 


t2x: triout port map(outtmp(j), 


end generate; 
end generate; 


end archpipe; 
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Appendix B. Warp2 Report File Excerpt for Pipelined Buffer 


Information: Macrocell Utilization. 


Description Used Max 

| Dedicated Inputs | 9 | 9 | 

| Clock/Inputs | 3 Mil 3. | 

| Enable/Inputs | if ‘oe 

| I/O Macrocells | 8 | 2 4 

| Buried Macrocells | O | 4 | 

2d. ff 29 = 72 ~% 
Information: Output Logic Product Term Utilization. 

Node# Output Signal Name Used Max 

Hine Bs ae ae © ee @ | 1 | O:- +°| 
| 16 | Unused | O | 19 | 
es ee es 2 oa | ‘es ec 
| 18 | Unused | OF a * dee 1] 
ly eS lp ee | tf i se 4 
aes ee ee ee | LY dt} Geo 
23> ty sob. | i 4) 2S: | 
Ii sas it OE | ce ee 5 Sa 
| 25 | Unused | 0 4) ak 4 
4 Seen a © es | | Cee Oe a | 
| 27 | Unused | O: ti - oe al 
oe tl AO =. | 1 | | 
| 29 | Unused | O | de 4] 
| 30 | Unused | 0 | i. 
| 31 [| Unused | OF i) tao 
| 32 | Unused | Of, <7 oJ 
| 33 | Unused | O. [) oe 4 
| 34 | Unused | QO. -[) 2b9* | 

SB of 230 = 3 % 
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Appendix C. Warp2 Source Code for Comparator 


entity comp is port ( 
CLs! igi bite 
ain BL tn? pit weetor (0: - to: 8): 
aeqbh: out bit); 

end comp; 


architecture archcomp of comp is 
Signal a, b: bit_vector(0 to 8); 
begin 
procl: process begin 
Wate dnt) elk =, Yi" 
a aS ain: 
lover <r © mas a 
end process; 


aegb a= “LY wien a= b-else 7.0% 5 


end archcomp; 
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Appendix D. Warp2 Report File Excerpt for Comparator 


Information: Macrocell Utilization. 


Dedicated Inputs 


Description 


Clock/Inputs 
Enable/Inputs 
I/O Macrocells 


Buried Macrocells 


Used 


On PW WO 


20 


29 


Information: Output Logic Product Term Utilization. 


Node# Output Signal Name 


15 
16 
ae 
18 
iB) 
20 
23 
24 
25 
26 
21 
28 
29 
30 
on 
52 
33 
34 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


As 
As 
As 
As 


Used 
Used 
Used 
Used 
Used As 
Used As 
Unused 
Unused 
Unused 
Unused 
aeqb 

Unused 
Unused 
Unused 
Unused 
Unused 
Unused 
Unused 


Input 
Input 
Input 
Input 
Input 
Input 
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Used 


oooooocoo woo oo 0 000 00 © 


a 
(ee) 


Max 


fo) 
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Appendix E. Warp2 Source Code for Multiplexer 


entity mux is port ( 
clk, sel: in bit; 
Xin, yin: in bit_vector(5 downto 0); 
gout: out bit _vector(5 downto 0)); 
end mux; 


architecture archmux of mux is 
Signal x, y: bit_vector(5 downto 0); 


procl: process begin 
Walt wuntal, clk =: 214s 


i <S° Kin 

y <= yin; 

if sel = ’1’ then 
GOuUk. -<S-3 

elsif sel = ‘0’ then 
Gout: <=.y¢ 

end if; 


end process; 


end 


archmux; 
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Appendix F. Warp2 Report File Excerpt for Multiplexer 


Information: Macrocell Utilization. 


Description Used Max 

| Dedicated Inputs | 9 | 9 | 

| Clock/Inputs | 2; | 3 | 

| Enable/Inputs | | 1. 

| I/O Macrocells | 7 | TZ. | 

| Buried Macrocells | O. | 4 | 

ZA. 9 29 = 6G: -% 
Information: Output Logic Product Term Utilization. 

Node# Output Signal Name Used Max 

dee es a (A (eb aes Oo | a 9 | 
| 16 | Used As Input | Ot fe ARO. = 
ial .. SRO unite. 22... | 5a ae! Os Samm 
| 18 | Unused | Or ob ee 
| 19 [| qout_4_ | 2. tt. heer. «| 
| 20 | Unused | OW A. SES «| 
| 23 | Unused | O f 2S || 
ja 'f) sqeat 5: | 2 jf 143° J 
| 25 | Unused | OS Wy aie | 
[sae il. “RO UER < | 2. ° 4) “ha 
| 27 | Unused | G- jr “Ags “| 
[i 28" eh. sours | | 9 | 
| 29 | Unused | 0. | a 4 
| 30 | Unused | 0 | : el 
| 31 | Unused | Ge> oh Sea. 
| 32 | Unused | Gs cp. age 
| 33 | Unused | O | 11 | 
| 34 | Unused | Oy |. eos 

12 -f£ 230 re) % 
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Appendix G. Warp2 VHDL Source Code for Decoder 


entity decode is port ( 
a: in bit_vector(15 downto 3); 
rdwritebar, valid, bootover, clk: in bit; 


sramsel, promsel, eesel, shadowsel, periphl, periph2: out bit); 
end decode; 


use work.bv_math.all; 
architecture behav of decode is 
Signal address: bit_vector(15 downto 0); 
begin 
address <= a & “000"; 


procl: process begin 
Welt. Mpa Ci ke se “7 1s 
promsel <= ‘0’; 
shadowsel <= ’0’; 
periph 22 70" 
Derion2 2] "oO". 
sramsel <= ‘0’; 
easel. -<= "0"; 
if valid = ‘1’ then 
if address >= x”0000" and address < x”4000" then 
if bootover = ‘0’ then 
promsel <= ‘1’; 
else 
shadowsel <= ‘1’; 
end if; 
elsif address >= x”4000" and address < x”4008" then 
Deriphl. i= *1."- 
elsif address >= x”4008" and address < x”4010" then 
DEriphy =: Ls 
elsif address >= x”8000" and address < x”C000" then 
Sramsel <= ‘1’; 
else address >= x”Cc000" then 
eesel <= ‘1’; 
end if; 
end if; 
end process; 
end behav; 
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Appendix H. Warp2:Report File Excerpt for Decoder 


Information: Macrocell Utilization. 


Description: 


Dedicated Inputs 
Clock/Inputs 


T/O Macrocells 


| 
| 
Enable/Inputs | 
| 
| 


Buried Macrocells 


Used 


Ow FW WO 


22 


29 


Information: Output Logic Product Term Utilization. 


Node# Output Signal Name 


io 
16 
Ae 
18 
19 
20 
2D 
24 
25 
26 
27 
28 
a9 
30 
ok 
32 
33 
34 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


eesel 

Used As Input 
periph2 

Used As Input 
shadowsel 
Used As Input 
Unused 
promsel 
Unused 
periphl 
Unused 
sramsel 
Unused 
Unused 
Unused 
Unused 
Unused 
Unused 
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oo ooo OoOrOCOrFOrRF OOF OF OF 


Max 


KS 
~ 


jo 23:0 
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Appendix I. Warp2 Source Code for UpDown 


entity updown is 
Dere(elko. sCLk1,. elLk2e. an bits 
outen, preL, preH, reset: in bit; 
Lis ae bat vector (= to: 7): 
6, Wl? & i -b1es 
countio: inout x01z vector(0 to 7)); 
end updown; 


use work.bv_math.all; 
use work.rtlpkg.all; 


architecture archupdown of updown is 


Signal lower, 
Signal cequ, 
begin 
proc: 

begin 

wait until 

lower <= 

end process; 


process 


proc2: 
begin 
wait until 
upper <= 
end process; 


process 


proc3:: 
begin 
wait until 
if reset 
COUnE: <= 
elsif preL 
COUME. <= 
elsif preH 
Count. <= 
elsif (dir 
Count “<= 
else 
count: <= 
end if; 
end process; 


process 


proc4: 
begin 
wait until 

if -count 
cequ.<= 


process 


upper, 
cegl, 


count: bit vector(0 to 


bit; 


(5 eae 
Gives 


elki 
ies 


eh 


cl1k2 
uk: 


es 


c1k0 as 
‘1’ then 

x O00" 
ed ee 
lower; 
eet 
upper; 
Ti) Shen, 

inc_bv(count) ; 


then 


then 


dec_bv (count) ; 


Gilku=- 74 
upper then 
et Ni 
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Appendix |. Warp2 Source Code for UpDown (continued) 


else 
cequ <= 70" s 

end if; 

if count = lower then 
cegl. <= “i's 

else | 
eeqi <=] "0" 

end if; 

if ceql = ‘1’ then 
die 2S o's 

elsif cequ = ‘1’ then 
Gir 26: 0" 

else 
"se ange a ils ae 

end if; 


end process; 


gl: for iin 0 to 7 generate 

bidir:if 1 < 6 generate 
bx:bufoe port map(count (i), 
end generate; 

trist:if i > 5 generate 
tx:triout port map(count(i), 
end generate; 

end generate; 


ul(6) <=: a6- 
UCL) <= a ys 


end archupdown; 


COUnET SG. (1.5 U1 ( 2 )) 


countio(i)); 
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Appendix J. Warp2 Report File Excerpt for UpDown 


Tnformation: Macrocell Utilization. 


Description Used Max 
| Dedicated Inputs | a. 9 | 
| Clock/Inputs | | 3 CO 
| Enable/Inputs | 1 | 1 | 
| I/O Macrocells | i | do. ii 
| Buried Macrocells | 2: | 4 | 
23. Ff 29 = 96 &% 


Information: Output Logic Product Term Utilization. 


Node# Output Signal Name Used Max 


(ae =) our. 2 .. | a i 9 | 
| 16 | Used As Input | Gy i aie: +] 
bay - @ountr6 0. | a i ste S| 
[i “8; he “Used As: “Input | QO if ieee. 4 
[. Or if e@G@uUiATiso 2 6: | J “ih ae OH 
P20. Ff -eountie:4- | 5a ol 
[23° “kb Wsed-As -Tnpukt | O° T° ates. 
Poe. ij) “COuUnt TOs. | ’ i 23: (| 
| Ze ih veGinbao 3. | —& i Wr» 
|. 26. ‘|| eoUnEro 7 =. | eg lt ea i 
| 27 | Used As Input | Os Wi. “ee 4 
i 28. (| -countae. 1 >. | 6 | 9 | 
| 29 | Unused | GO ‘| 1 | 
| 30 | Unused | a| ay 
| 31 | Unused | Gy. ih -dese * +f 
li 322 | -G@eql._BEH 127... l 416 | die | 
ne [.. “ele | 2 | 11 | 
| 34 | cequ [, “hor i) “ee. | 
SS: 7-230 = 36) US 
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Appendix K. Warp2 VHDL Source Code for Serial Decoder 


entity serial is port ( 
clk, reset, data: in bit; 
match: buffer bit; 
lock: buffer bit); 

end serial; 


use work.int_math.all; 
use work.bv_math.all; 
architecture archserial of serial is 


type states is (state0, statel, state2, state3, state4, state5, state6, 
state7); 

Signal state, nextstate: states; 

Signal match_cnt: bit_vector(1 downto 0); 

Signal bit_cnt: bit_vector(6 downto 0); 


begin 

fsm: 

process begin 
match: <= 7-0"; 


case state is 
when stateQ => 


LY detax=. 71 and (lock <= “0"--or bit cnt = 41311000"). then 
nextstate <= statel; 


else 
nextstate <= stated; 
end if; 
when statel => 
if data = ‘1’ then 
nextstate <= state2; 
else 
nextstate <= stated; 
end if; 
when state2 => 
if data = ‘1’ then 
nextstate <= state3; 
else 
nextstate <= stated; 
end if; 
when state3 => 
if data = ‘0’ then 
nextstate <= state4; 
else 
nextstate <= state3; 
end if; 
when state4 => 
if data = ‘1’ then 
nextstate <= stated; 
else 
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nextstate <= stated; 


end if; 
when state5 => 
if data = '0’ then 
nextstate <= state6; 
else 
nextstate <= state2; 
end if; 
when state6 => 
if data = '0’ then 
nextstate <= state7; 
else 
nextstate <= statel; 
end if; 
when state7 => 
if data = ‘0’ then 
nextstate <= state0O; 
Maech <2: "ie" s 
else 
nextstate <= statel; 
end. if; 
end case; 


end process; 


mealy: 
process begin 
Wart: until ele = 21> 


state <= nextstate; 
end process; 


counter: 
process begin 
Wale Until @lko = 7.14%; 
1£ match = ‘1’ then 
beelont <= 0000000". 
else 
DLE ent. == tne byt bie ent ): 
end if; 


end process; 


synchronizer: 
process begin 
Walt. Until -clk-= "1%: 
Dr spit vent se, “A. then 
if match = ‘1’ then 
if match_cnt = “11" then 
LOCk ee his 
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else 
Macch cnt == ine bv (match-cnt) : 
end if; 
else 
Match cnet <=]-“00": 
LOCK Ace. OO 
end if; 
end if; 


end process; 
end archserial; 
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Appendix L. Warp2 Report File Excerpt for Serial Decoder 


Information: Macrocell Utilization. 


Description Used Max 
| Dedicated Inputs | O | 9 | 
|. Clock/ Inputs | 1 | 3 CO 
| Enable/Inputs | O | 1 | 
| I/O Macrocells | 10 =| 12 | 
| Buried Macrocells | 4 | 4 | 
Ti. °F 29 Sit <% 


Information: Output Logic Product Term Utilization. 


Node# Output Signal Name Used Max 


Sores | lock | 9 | 9 | 
| 16 | Unused | 0 | 19 | 
| 17 | data | Bee a 
[| 368+ ol “bate oent0 | D4 ae 
| 19 | sgerial_O_sta.. | 7 a (ee 
eae 0 mn | sR sc ome | 3 if) SEB. J] 
ee. oh? Sie ence. | Z lie SES 
|; 24 | serial -0 stay. -| 7 en (mee eo | 
| 25 | match | dt “shar | 
26; Ee aah. cent 3. | As oy ade | 
| 27 | Unused | Ge oe AoE ul 
ee IN baer. ae | Be ol 9 | 
| 29 [| Unused | 0 | 1 | 
[| 30 | Unused | 0 | : | 
I et: | match_cnt_0_ | 8 | 13. | 
Ba i) sade vent 6—. | - & Sees ol 
[333 | match_cnt_1_ | OF ot. en] 
[ase hr Bat ene 5. | 6 | 19 | 
6@ 7-230 = 29. °% 


Windows is a trademark of Microsoft Corporation. 

OpenLook is a trademark of UNIX System Laboratories. 

Motif is a trademark of Open Software Foundation, Inc. 

Warp2 is a registered trademark of Cypress Semiconductor Corporation. 
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Getting Started Converting 


Introduction 


This application note is intended to assist Warp™ users in 
converting designs written in DATA I/O’s ABEL™7 hardware 
description language to IEEE 1076 VHDL. It contains several 
language cross reference tables and many helpful hints. It 
also includes two real-world designs that have been convert- 
ed from MACH™ £210-ABEL descriptions to 
FLASH371—VHDL descriptions. 


VHDL versus ABEL 


VHDL is different from ABEL and virtually all other popular 
hardware description languages in one very significant way. 
It is an open language based on IEEE standard number 1076. 


VHDL is different in other ways, too. VHDL is a high-level lan- 
guage. As such, it is much more powerful than ABEL. For 
instance, it supports hierarchical design entry, structural 
(low-level instantiation of components) and _ behavioral 
(IF-THEN- ELSE) design entry. VHDL supports process and 
concurrent process statements. It also supports various types 
of signals such as integer, real, character, bit, Boolean, phys- 
ical unit, and any others that a user can define. It supports 
sequential and concurrent statements, variables, and signals. 
VHDL supports sub-programs, FOR loops, WHILE loops, ar- 
rays, concurrent procedure calls, and more. - 


Surprisingly, certain aspects of VHDL related to low-level be- 
havioral logic description are very similar to ABEL. In fact, 
some key words and relational operators are identical or log- 
ically similar. 


Conversion Preparation 


Preparing to convert an ABEL (.ABL) file should include the 
following steps: 


1. Locate and have at hand one good VHDL language refer- 
ence book. See the Warp documentation for a bibliogra- 
phy. 

. Obtain copies of the Warp VHDL design examples titled 
Basic, Intermediate, and Advanced. 


. Locate two Cypress application notes, one titled “Design- 
ing State Machines with Warp2® VHDL’ and another titled 
“VHDL Techniques for Optimal Design Fitting.” Both are 
contained in the Cypress Applications Handbook (1993). 


4. Install the Warp VHDL compiler on your hardware plat- 
form. 


Conversion Approach 


There are many different ways to convert a given design. The 
same design may be expressed in a number of different ways, 
all yielding compiled designs with the same functionality. The 
general approach suggested for converting ABEL (.ABL) files 
to VHDL (.VHD) consists of five basic steps: 


1. Analyze the design and determine: 


ie) 
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.ABL Files to VHDL 


. Which signals are registered and which are not. Group 
them into two categories. 


. Which types of design entry the .ABL file includes: state 
machines, comparators, counters, decoders, multiplex- 
ers, adders, multipliers, shift registers, or state_tables. 


c. Whether or not group (set) declarations are used. 
d. Which signals are input, output, I/O, and/or active LOW. 


. Replace as many of the keywords and operators with the 
corresponding VHDL keywords and operators using your 
favorite SEARCH and REPLACE text editor and a backup 
copy of the .ABL or .DOC file. 


. Add the VHDL entity (black box inputs and outputs), archi- 
tecture (description of the logic circuitry), and process (en- 
capsulates a set of sequential-behavioral functions) state- 
ments. 


Add the proper library USE statements to the file such as 
USE WORK.CYPRESS.ALL. 


lteratively compile the design revising incomplete or incor- 
rectly converted syntax. 


Some designs will be much easier to convert than others. The 
more regular the design the easier it will be to convert. The 
most efficient and highest level of conversion will be achieved 
by using the source (.ABL) file, the five steps above, and the 
cross reference information below. 


The simpler approach is to use the .DOC file exclusively. Us- 
ing the .DOC file works but does have one significant draw- 
back. The .DOC file tends to be verbose. It is verbose be- 
cause it describes the design at a low level. A converted 
ABEL (.DOC) design thus results in unnecessarily verbose 
VHDL. In other words, it results in inefficient code. 


When converting using the .DOC file, place all of the regis- 
tered signals into a process with a WAIT UNTIL CLOCK = ‘1’ 
and place all of the combinatorial signals outside the process. 
This avoids the necessity of PROCESS sensitivity lists and 
IF-THEN-ELSE statements. The converted designs below 
and all of the Warp example designs attempt to describe func- 
tions behaviorally and at a higher level. For this reason no 
low-level design conversion examples are included. 


Refer to the following sections and tables for helpful informa- 
tion when converting ABEL .ABL and .DOC descriptions. 


Comments 


Comments in ABEL are denoted by the quote symbol (°). 
Comments in VHDL are denoted by two consecutive dashes 
——. For example: 


ABEL VHDL 
ce 


4. 


5. 


a= Converting .ABL files to VHDL 


requires user definition Clocked input (0 —>1—> 0) 


requires user definition 


Clock down edge (1 —> 0) 
Floating input or output 
Clocked input (1—> O—> 1) 
Register preload 

Super voltage (2<n<9) 
Clock up edge (0 — > 1) 
Don’t care condition 

High impedance 


requires user definition 
requires user definition 
requires user definition 
requires user definition 
requires user definition 
requires user definition 
requires user definition 


machines in VHDL. See the State Machine section of this 
application note. 


Special constants in ABEL are used for simulation vectors 
that are included in the source file (.ABL). Warp does not 
provide simulation support directly within the source file. So, 
the conversion recommendation for files containing simula- 
tion vectors is to delete or comment them out of the .VHD file. 
Warp provides simulation separately from the design file 
(.VHD). Simulation can take one of two forms. The first, func- 


In VHDL a constant is an object whose value may not be 
changed. The syntax for declaring a constant in VHDL is: 


constant identifier_list : type [ :=expression]; 
An example of this is: 
TYPE stvar is bit_vector (0 to 1); 
constant StateO : stvar := “00"; 
This example declares a constant that is identified by the 


name State0, is of type stvar, which has been previously de- 
fined as a bit_vector subtype of length 2. This constant is 
given the value 00. Defining a constant of user-defined type 
called state variable (stvar) is useful when designing state 


tional waveform based design verification using NOVA. Sec- 
ond, full AC timing verification via VIEWSIM and 
VIEWTRACE. VIEWSIM and VIEWTRACE support both pat- 
tern files and waveforms. Both forms of Warp VHDL simula- 


tion exceed the capabilities of ABEL simulation. 


VHDL-ABEL Dot Extension Cross Reference 


Clock input to flip-flop 
Pin feedback 

Register feedback 
D-type flip-flop 

J input to JK flip-flop 

K input to JK flip-flop 

S input to SR flip-flop 

R input to SR flip-flop 
T-type flip-flop 

Register feedback 
Register preset 
Register reset 
Synchronous reg preset 
Synchronous reg reset 
Latch-enable input 
Latch-enable input (HIGH) 
Register load input 
Clock enable input 
Asynchronous preset 
Asynchronous reset 
Three-state output enable 
Synchronous clear 
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Asynchronous clear 
Synchronous set 
Asynchronous clear 
Combinational feedback 
Flip-flop mode control 


Although VHDL is capable of supporting hess constructs, it 
directly does not. Indirectly, through behavioral description, 

structural description, and an intelligent compiler, all of these 
constructs are supported. For example, Warp does provide 
predefined register transfer level (RTL) components (such as 
D- and T-type flip-flops). These RTL components can be 
structurally instantiated to model the ABEL extensions listed 
above. Specifically, to model the .OE ABEL extension, use an 
RTL component called bufoe. The syntax and port map (in- 
puts and outputs) of a bufoe component is the following: 


Label: BUFOE PORT MAP{(X, OE, Y, FB) 


X, OE, Y, and FB are sample signal names. The position each 
one occupies in the port map is the mechanism VHDL uses 
to correctly connect the signal names to the actual compo- 
nent in the architecture of the target device. 


The behavioral equivalent of structurally instantiating a bidi- 
rectional buffer is called a behavioral three-state. 


if the ABEL description equation is written in .T (T-type) 
flip-flop style, the recommended conversion method is to re- 
write the equations as D-type (XOR the original equation with 
the flip-flop output signal name) and let Warp optimize the 
equation for either D- or T-type. See the real-world design 
conversion example in Appendix A called FLAGCTLR. 


none, may use RTL — buf 
none, may use RTL — buf 
none, NOT RHS of equation 
none, NOT signal in equation 


Description 
Macrocell has no inverter between reg and pin 
Signal is combinatorial 
Macrocell has an inverter between reg and pin 
Complement Sum of Products 


none Do not Complement Sum of Products 


none, place sig in process 
none, may use RTL — dff 
none, may use RTL - tff 
none, may use RTL -— srff 
none, may use RTL — jkff 


. Generic flip-flop 
D-type flip-flop 
T-type flip-flop 
SR-type flip-flop 
JK-type flip-flop 


none 
none, may use RTL — xbuf 


D-flip-flop w/gated clock 
Target architecture has XOR 
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Context dependent 
1 


5 
5 
5 


RA DO OW FA HB NNO NNNNP = 
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NOT (invert) 

AND 

Multiplication 
Division 

Modulus 

Shift left 

Shift right 
Arithmetic addition 
Arithmetic subtr. 
XOR 

XNOR 

OR 

Equal 

Not equal 

Less than 

Less than or equal 
Greater than 
Greater or equal 
NAND 

NOR 
Concatenation 
Remainder 
Absolute Value 
Exponentiation 
Sign 

Sign 

Signal assignment 
Variable assignment 
Comb. assignment 
Reg. assignment 
Association 


| 
| | | 
Q 


Keyword (Statement) Cross Reference 


YPREOo 
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ABEL Keyword VHDL Equivalent | 


CASE 
DECLARATIONS 
DEVICE 

ELSE 


ENABLE (Obsolete) 


ENDCASE 
ENDWITH 
EQUATIONS 
FLAG (Obsolete) 
FUSES 

GOTO 

IF 

IN (Obsolete) 
ISTYPE 
LIBRARY 
MACRO 
MODULE 

NODE 
OPTIONS 

PIN 

PROPERTY 
STATE 
STATE_DIAGRAM 
TEST_VECTORS 
THEN 

TITLE 

TRACE 
TRUTH_TABLE 
WHEN 

WITH 
ASYNC_RESET 
SYNC_RESET 


STATE_REGISTER 


XOR_FACTORS 


VHDL does not use the term keyword. Analogous to ABEL’s 
use of the term keyword, VHDL uses the terms statement, 
reserved word, and identifier. 


Notes 


. There is nota DECLARATIONS keyword in VHDL. How- 
ever, the DECLARATIONS keyword is analogous to declar- 
ing an ENTITY in VHDL. Within the ENTITY construct in- 
puts, outputs, and I/Os are declared with appropriate mode 
and type. Mode loosely refers to the pin drive direction, 
which can be IN, OUT, or INOUT. Refer to your language 
reference book for a more formal definition of the terms 
mode, IN, OUT, and INOUT. 


2. ENDWITH is part of the WITH-ENDWITH transition struc- 
ture used with IF-THEN-ELSE or CASE keywords. In 
VHDL conditional transition is handled via an 


oh, 


CASE 

Note 1 
ATTRIBUTE PART_NAME IS ... 
ELSE 

none 

END CASE 

Note 2 

Note 3 

none 

Note 4 

EXIT - Note 5 

IF 

none 

Note 6 

USE 

FUNCTION - Note 7 
FUNCTION - Note 8 
SIGNAL 

Note 9 

Note 10 

none 

Note 11 

Note 11 

Note 12 

THEN 

Note 13 

Note 14 

Note 15 

WHEN 

Note 16 

Note 17 

Note 17 

Note 18 

Note 19 


IF-THEN-ELSE or CASE statement within a PROCESS. 
The process statement may or may not use a sensitivity 
list and instead use a WAIT UNTIL (condition) statement. 
See the application note titled “Designing State Machines 
with Warp2 VHDL.” 

3. Equations in VHDL are listed within an architecture state- 
ment. 

4. VHDL and Warp do not provide predefined fuse-level pro- 
gram specification. 
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. VHDL does not have a GOTO keyword (statement). It pro- 
vides an EXIT keyword for stopping execution of loops en- 
tirely. 

. The IS_TYPE keyword (statement) defines attributes 
and/or characteristics of pins and nodes. VHDL provides 
these attributes through behavioral specification. Addition- 
ally, Warp provides a set of predefined attributes and VHDL 
provides a mechanism for declaring new attributes. See 
the attribute table below. 


. VHDL provides function call and return capability. MAC- 
RO is more of a low-level substitution technique such that, 
wherever the MACRO_id occurs, the text associated with 
that macro will be substituted. 


. The MODULE ... END statement(s) are source file require- 
ments in ABEL. In VHDL the ENTITY-ARCHITECTURE 
pair are the basic source file requirements. Both the EN- 
TITY and ARCHITECTURE constructs require an END 
statement. 


. OPTION is a string of processing options that affect the 
way in which the ABEL source file is processed by the 
language processor. The analogous control in VHDL is not 
done in the source file. It in fact is not part of the VHDL 
language. It is simply a menu of compiler options that are 
set when using Warp to synthesize the design. 


10.PIN is used to declare input and output signals that must 
be available on a device I/O pin. The analogous PIN spec- 
ification is implied in VHDL via the port map list in the EN- 
TITY construct. All signal names listed in the entity port 
map are input, output, and I/Os of the entity. 


11.See application note titled “Describing State Machines 
with Warp2 VHDL.” 


12.Test vectors are not directly supported by VHDL. However, 
both behavioral simulation and full AC timing simulation 
are available for design verification. 


13.The TITLE statement is used to give an ABEL MODULE a 
title that will appear as a header in both the programmer 
load file (the JEDEC file) and the documentation file. When 
compiling a VHDL design using Warp, the filename of the 
VHDL (.VHD) design file is passed through to the program- 
mer load file (.JED) as well as the documentation file 
(.RPT). 

14.The TRACE statement controls the display features of 
ABELs simulator. There is not a similar Keyword in VHDL 
because simulation is separate from the source file de- 
scription. 


15.The TRUTH_TABLE keyword is used in ABEL to specify 
outputs as functions of different input combinations in a 
tabular form. VHDL does not directly provide a 
TRUTH_TABLE keyword. However, the common library 
(directory) included in Warp, contains a FUNCTION called 
TTF. TTF is a predefined truth table function that can be 
used for both combinatorial truth tables and for state tran- 
sition tables. See the application note titled “Describing 
State Machines in Warp2 VHDL’ regarding use of the TTF 
function. 

16.WITH is part of the WITH-ENDWITH transition structure 
used with IF-THEN-ELSE or CASE statements. In VHDL, 
conditional transition is handled via an IF-THEN-ELSE or 
CASE statement within a PROCESS. The process state- 
ment may use a sensitivity list or may include a WAIT UN- 
TIL (clock = ‘1’) statement. 


oO) 


N 
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17.ASYNC_RESET and SYNC_RESET statements are used 
in Symbolic State descriptions. They symbolically specify 
what state the machine should asynchronously or syn- 
chronously reset to, based upon a signal or an expression. 
In VHDL, asynchronous and synchronous resets are best 
handled from a behavioral perspective the Resets and Pre- 
sets section of this note for more detail. 

18.STATE_REGISTER is a mechanism whereby specific 
states of amachine can be identified symbolically. See the 
State Machine section of this note for more detail. 

19.XOR_FACTORS is a keyword that is useful for factoring 
logic designs that target a device which features XOR 
gates. There is not an analogous keyword in VHDL. How- 
ever, the functional aspect of this keyword is part of the 
Warp Compiler Option menu. For more details see the 
Warp Compiler Options Documentation. 


Predefined Attributes Supported by Warp 
Value Attributes 


Function Attributes (types) 


Function Attributes (objects) Left 
"Right 
"High 
"Low 
‘Length 


Function Attributes (signals) 


Range Attributes "Range 
’Reverse_range 


Other user-defined attributes include: Enum-encoding, 
Flip-flop-type, Order_code, Part_name, Pin_numbers, Polar- 
ity, State_encoding, and State_Variable. See Warp documen- 
tation for details. 


b“” or“ ” or‘ ’(default) 


o“ bb) 
Note 21 
x“ ” 


Ad (default) 
Ah 


Notes 


20.The default number representation in ABEL is decimal. 
The default number representation in VHDL is binary. 


21.The default number representation in VHDL is binary. Dec- 
imal representations of numbers in VHDL require the user 
to define a signal or variable with type integer or use an 
integer number and then type-convert it to bit_vector. This 
is easier than it sounds. In the common library directory 
within Warp there is a file called LIBINT.VHD that contains 
a predefined function called i2bv. This function takes an 
integer and returns a bit_vector. So, using a decimal num- 
ber is not too difficult, but one must know that an integer 
must be used and then type-converted to bit_vector. 


For example: 


ABEL syntax VHDL syntax Description 

4b1 ol binary 1 

AbO 0’ binary 0 
4b101010000 — “40101000" binary 10101000 
ANF pat hex F 

ANF 1  X“F 1" hex F1 

AnAAA x“AAA” hex AAA 
AoFOFO o“FOFO" octal FOFO 

Ad23 i2bv(23,5) decimal 23 

Ad99 i2bv(99,7) decimal 99 


Polarity Conventions 


VHDL does not know whether a signal name should be inter- 
preted as an active HIGH or an active LOW. Therefore, a sig- 
nal named SHIFT4 will be interpreted logically the same as 
one named L_SHIFT4, and as one named SHIFT4_NOT. In 


other words, the behavioral equations must test with the prop- 


er level and assert with the desired level. 


During logic synthesis and optimization, the software may de- 
termine that by flipping the polarity of a function the logic re- 
quired will be optimized. 


Identifiers 


VHDL is not case sensitive, so a signal named SHIFTO is 
identical to one named sHIFTO. 


Resets and Presets 


Although there are a variety of ways to specify a reset or pre- 
set, the best method is behavioral specification. If the reset or 
preset is asynchronous, use the following: 


Rear An eee ears ria eS Cul. DEPG. = Stesen= 


FUNCTION frbl_to_b (inl:Boolean) 


BEGIN 

IF (inil=TRUE) THEN 
RETURN ‘1°; 

ELSE 


RETURN ‘'0’;END IF; 
END frbl._to_b; 
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Binary 

Octal 
Decimal 
Hexadecimal 


Place an IF-THEN-ELSIF-ENDIF inside a process with a 
(CLK’EVENT and CLK=’1’) placed as the condition for the 
ELSIF. In the first IF, place your reset and preset condition test 
and your signal assignments. In other words, the first part of 
the IF contains the asynchronous or combinatorial logic de- 
scription and the second part, the ELSIF, contains the clocked 
logic description. In the process statement use a sensitivity 
list that includes the clock, and reset/preset for the design. 
Don’t forget that statements in a process are considered se- 
quential and are only updated upon changes in signals listed 
in the sensitivity list. See the basic example called 
COUNTER2.VHD and the real-world converted design exam- 
ple called FLAGCTLR below. 


If the reset or preset is synchronous, place the condition in- 
side the clocked portion of the IF-THEN-ELSIF-ENDIF men- 
tioned above and perform the appropriate signal assign- 
ments. 


This methodology ensures that behavioral operation is pre- 
served and no device specific attributes are required. 


Groups 


ABEL allows declaration of groups or sets. Sets are groupings 
of signals. For example a bus is a set of signals. To create a 
set of signals in VHDL use the bit_vector type declaration. To 
perform Boolean operations on these new sets use 
IF-THEN-ELSE and FOR LOOPs to index the individual ele- 
ments. See the special type conversion function and the re- 
al-world examples below. 


Special VHDL Type Conversion Function 
(Advanced) 


VHDL is a strongly typed language. ABEL on the other hand 
is not a strongly typed language. ABEL allows a user to mix 
Boolean operations with relational operations on sets. To con- 
cisely convert ABEL equations that contain relational opera- 
tions on sets (converted to VHDL type BIT_VECTOR) com- 
bined with Boolean operations on signals (converted to VHDL 
type BIT), use the following type-conversion function. All 
equations requiring this type-conversion function call can be 
modified easily with a SEARCH and REPLACE text editor. 


RETURN bit IS 


-- This type conversion function converts a signal or relational operation 


CiPiioo 


result from type BOOLEAN to type BIT. 
either ‘TRUE’ or ‘FALSE’. 


cut here 


For example if you had an equation in ABEL such as: 


ramwr = !addren & bal6 & !write & 
# (addr==*h212) 
# (addr==*h214) 


# (addr==*h216)); 
Where addr is a set of 16 address bits, 
This equation could be converted to VHDL in at least two ways: 


ramwr <= not addren and bal6 and not write and 
Or fr bl- to. btaddrax* 212") 
om Trop. pol btaddrex*2 4") 
Or fr b1-to-b (adgdrax"2 16") )is 


OR, 


ramwr <= not addren and bal5 and not write and( 


A bit can Have a value of either “0” 


(ladda S2en2 0) 


Converting -ABL files to VHDL 


A Boolean can have a value of 


Gr Sie 


(iy bl to bCadd®: =x4210") 


(not addr(11) and not addr(10) and addr(9) and not addr(8) and not addr(7) 
and not addr(6) and not addr(5) and addr(4) and not addr(3) and not addr(2) 
not addr(1) and not addr(0) ) 
OR (not addr(11) and not addr(10) and addr(9) and not addr(8) and not 
addr(7) and not addr(6) and not addr(5) and addr(4) and not addr(3) and not 
addr(2) and addr(l1) and not addr(0)) 
OR (not addr(il) and not addr(10) and addr(9) and not addr(8) and not 
addr(7) and not addr(6) and not addr(5) and addr(4) and not addr(3) and 
addr(2) and not addr(1) and not addr(0)) 
OR (not addr(11) and not addr(10) and addr(9) and not addr(8) and not addr(7) 


and not addr(6) and not addr(5) and addr(4) 


addr(1) and not addr(0))); 


This example assumes all of the signals from the ABEL equa- 
tions are converted to signals of type BIT except the set called 
‘addr’, which is converted to type BIT_VECTOR. 


This special type-conversion function has a obvious advan- 
tage and is well suited for use in converting descriptions to 
VHDL. By no means is it a requirement that descriptions use 
this function. It should be used for one reason only, to make 
a VHDL description concise. See the real-world design exam- 
ple in Appendix A called FLAGCTLR. 


State Machines 


See the Warp design examples titled intermediate TRAF- 
FIC.VHD, intermediate DRINK.VHD and advanced TTF.VHD. 
See the application note titled “Describing State Machines in 
Warp2 VHDL.” Also refer to pitfall numbers five and seven 
below. 

Decoders 

See the Warp design example titled basic DECODER.VHD 
and the special type-conversion function above. 
Comparators 


see the Warp design examples titled intermediate COM- 
PARE.VHD and COMPARE2.VHD. 


Counters 


See the Warp design examples titled basic COUNTER.VHD, 
basic COUNTER2.VHD, intermediate COUNTERS.VHD, ad- 
vanced COUNTER4.VHD, and advanced COUNTERS5.VHD. 
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and not addr(3) and addr(2) and 


Multiplexers 


Use the truth table function that is shown in the application 
note titled “Describing State Machines in Warp2 VHDL’ or 
create a multiplexer using Boolean equations. 


Shift Registers 


See the Warp design example titled advanced SHIFTN.VHD. 
This example illustrates the use of the GENERATE statement. 


Adders. 


See the Warp design examples titled basic ADDER1.VHD 
and basic ADDER2.VHD. 


Repetitive Logic 


The VHDL GENERATE statement lends itself to regular or 
repetitive logic structures. For example, n-bit registers, n-bit 
counters, n-bit shift registers, n-bit multiplexers, n-bit adders, 
and n-bit comparators may be concisely described by using 
the GENERATE statement. See the Warp design examples 
titled advanced SHIFTN.VHD and advanced 
COUNTER4.VHD. 


Pitfalls 


There are potential pitfalls. Some of the common mistakes 
made during conversion are: . 


1. Incorrect order of precedence of operators. For instance, 
all of the logical operators in VHDL have the same level of 
precedence. In other words, an equation that has both 
AND and OR operators requires parenthesis around the 


Qi} 


Y PRESS 


Ended terms for proper logic synthesis. Refer to the cross 
reference and order of precedence table above. 


2. Incomplete separation of clocked signals from combinato- 
rial signals. Two simple ways to ensure proper logic syn- 
thesis of clocked signals and combinatorial signals are: 


a. Use a process for all signals, but use an 
IF-THEN-ELSIF-ENDIF within the process that groups 
all combinatorial signals under the IF, and groups all 
registered signals under the ELSIF. See the real-world 
design example in Appendix A called FLAGCTLR. 


. Place all registered signals within a process (using a 
WAIT UNTIL CLOCK =’1’) and place all combinatorial 
signals outside the process. 


. Using loops and variables outside of a process. VHDL re- 
quires that loops and variables be used inside a process. 
If there is more than one process, signals communicate 
between processes. 


Using the incorrect mode for either output or bidirectional 
signals. Refer to your language reference book for a formal 
definition of mode. 


Incomplete state specification for state machines. When 
designing a state machine, you MUST do one of the fol- 
lowing: 


a. Specify all output values in each state of the machine. 
or 


b. Specify default values for all outputs at the beginning of 
the process. 


The reason for this has to do with the way a process works. 
Each time a process is run (i.e., a clock event has oc- 
curred) the outputs that are specified in the particular pass 
through the process are updated. If a branch exists within 
the states of the machine that allows a pass through the 
process with one or more outputs not assigned a value, the 
logic synthesis engine either (a) assumes that the last 
statement for an unassigned output is valid and should be 
latched, or (b) that it is allowed to change with the clock. In 
other words, it is legal in VHDL to not specify all output 
values in each state of the machine, or not specify default 
values for all outputs at the beginning of the process, or 
not specify either one. If this subtle detail is overlooked, the 
design will compile and appear to synthesize successfully, 
but functional operation may not be correct. It is also pos- 
sible that the logic synthesized will not be minimal. In other 
words, use defaults or specify the value of all outputs with- 
in each state of the machine. 


. Incorrect set or reset operation found in simulation. Polarity 
optimization settings used during logic synthesis and fitting 
can cause set and or reset operations to appear to operate 
inconsistently. During logic synthesis and fitting, the fitter 
can decide, by flipping the polarity of a function, the logic 
required will be minimized. This can have an adverse effect 
on the user selection of set or reset. (Note this pitfall only 
applies to 22V10s and FLASH370 where the polarity inver- 
sion is located between the output of the register and the 
pin.) See the polarity attribute in the Warp documentation 
for more details. 


. Failure to close, or complete, IF-THEN-ELSE-ENDIF and 
CASE statements. In other words, design descriptions that 
contain an IF must contain an ELSE, and descriptions con- 


ide) 


= 


on 
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taining a CASE-WHEN (condition), must contain a 
WHEN-OTHERS statement. This is required so that un- 
necessary implicit memory elements are not synthesized. 
See the application note titled “VHDL Techniques for Op- 
timal Design Fitting” for more information. 


Logic Synthesis 


Proper logic synthesis is the goal of conversion. If the convert- 
ed design compiles and synthesizes without errors, but the 
logic equations in the report file are not as expected (or sim- 
ulation results are not as desired) consult the pitfalls section 
above. Also, consult your Warp — GALAXY compiler options 
documentation and Warp— NOVA user’s guide. If all else fails, 
contact your local Cypress field application engineer. 


Real-World Converted Designs 


The designs in Appendix A originally were intended to fit into 
MACH110s. However, due to product term and internal fanout 
requirements, MACH210s were required. The designs were 
later converted to FLASH371s. Consult your Cypress data 
book for more information on the CY7C371’s architecture. 


Summary 


Any design that has been described in Data I/O’s ABEL lan- 
guage can be converted to VHDL. From an overall capability 
perspective, VHDL can be considered a superset of ABEL. 
Two designs documented in Appendix A were successfully 
converted using the cross reference tables and helpful hints 
contained within this application note. 


Note: All references to components and functions made in 
this application note can be accessed only from “lib35” library 
included in Warp. Warp release 3.5 library components are 
IEEE 1064 compatible and are defined in terms of bit and 
bit_vector. Warp release 4.0 or higher supports IEEE 1164 
VHDL. The corresponding IEEE1164 VHDL compatible func- 
tions and components are available in “lib40” library in Warp. 
You can easily switch between lib35 and lib40 libraries by 
changing the Warp library pointer. However you cannot mix 
lib35 library components with lib40 components in the same 
project. 
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Appendix A. Real-World Converted Designs 


Sop ee Oe Se Ce ear eee ee ee Cut iCle. Saseee SS ]S SSS ses e ee pa Sears asses 
Module FLAGCTLR 
Title ‘Flag Controller 1 - Uxx_xx 
Revision 01’ 
“ALGORITHM 
FLAGCTLR device ‘'mach210a’; 
“Inputs: 
R_40MHZ Dit. 
H_FEP_SO pin; “ 
H_ FEP_S1 in. 
H_FEP_S2 pin- 3.4 
H_FEP_$3 pin; ” 
H_FEP_SET ade se. 
L_FEP_WE Din 
H_PPA_SO pin. # 4 
H_PPA_S1 Din. > 4 
H_PPA_S2 pin; “ 
H_ PPA _S3 Dr “2% 
H_PPA_SET pin > “ 
L_PPA_WE pin; ” 
H_PPB_SO pin = # 
H_PPB_S1 Ory eet 
H_PPB_S2 Cai = x 
H_PPB_S3 Din. oo 
H_PPBSET Dati: te - # 
L_PPB_WE Dano « 
L_ RESET pin 3“ 
“Outputs: 
H_FAO pin  istype ‘reg, buffer’; * 
H_FA1 pan aStype:’ reg; bubrer’: ~ 
H_FA2 pin istype ‘reg,buffer’; ” 
H_FA3 pin istype ‘'reg,buffer’; ” 
H_FA4 pin istype ‘reg,buffer’; ” 
H_FA5 pin istype ‘’reg,buffer’; ” 
H_FA6 pin istype ‘reg,buffer’; ” 
H_FA7 pin istype ‘reg,buffer’; ” 
H_FBO pin istype ‘reg,buffer’; ” 
H_FB1 pin istype ‘’reg,buffer’; ” 
H_FB2 pin astype- *reg;butfrer’;™ 
H_FB3 pin. “1Stype: “reg, butfer’ + ™ 
H_FB4 pin istype ‘reg,buffer’; ” 
H_ABO Din <istype “reg, purier’s 
H_AB1 Dan <1stype “req, butfer’s 
H_AB2 pin istype ‘reg,buffer’; ” 
H_AB3 pin w2etype “reg; butrer’ >: 
H_AB4 Din “2Siype: *regqg;,butter* > 4 
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TET, 
ee 
TT a, 


— a2 
SSS -= 
2 CYPRESS 
Declarations 
2 Gee oe oat 
CY Sey ~ gis ot 
ye Ges 
FA = 
EE = 
AB = 
PPA_SEL 
PPB SEL 
FRP SEL = 
Equations 
FA.CLK = R_40MHZ; 
FB.CLK = R_40MHZ; 
AB.CLK = R_40MHZ; 
FA.RE = !L_RESET; 
PB.iRE = ti: RESET? 
AB.RE Vo REOELS 
H_FAO.T = (!H_FAO. 
# H_FAO. 
# !H_ FAO. 
# H FAO. 
H- FAL.) = 4{)H_PAL. 
# H FAL. 
# !H FAL. 
# H_ FAL. 
HorALZ ST = “Cb PAZ. 
# H FA2. 
# !H_FA2. 
# H_FA2., 
BMP AS a ‘= Ul PAS. 
# H FA3. 
# !H FA3. 
# H FA3. 
H_FA4.T = (!H_FA4. 
# H_FA4. 
# !H FAA, 
# H_FA4. 
H_FA5.T = (!H_FAS5. 
+ HH FAS. 
# !H FAS. 
# H FAS. 
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Appendix A. Real-World Converted Designs (continued) 


[H_FA7,H_FA6,H_FA5,H_FA4, 


H_FA3,H_FA2,H_FA1,H_FAO] ; 


[H_FB4,H_FB3,H_.FB2,H_FB1,H_FBO] ; 
[H_AB4,H_AB3,H_AB2,H_AB1,H_ABO] ; 
= [H_PPA_S3,H_PPA_S2,H_PPA_S1,H_PPA_S0]; 
= {Ho PPB o3,H PPB. $2. PPB Sl. PPB S80); 


OOOO OOOO 
QO QM QM OM | KI LK 


OOOO OOUOD 


MR KR RH 


OOOO 0000 


R RI QR | 


PH RK PH BM 


H_PPA_SET 
!H_PPA_SET 
HU FEP_ SET 
!H_FEP_SET 


H_PPA_SET 
TH PPA Sel 
BLUE P JSEY 
{HUF EP USE 


H_PPA_ SET 


LF Ie ol oo ra hg 


HL FPREPA SET 
Os a ee emer 


H_PPA_SET 
tie PPA SET 
H_FEP_SET 
VHP o SET 


H_PPA_SET 
'H_ PPA SET 
H_FEP_ SET 
!H_FEP_SET 


H_PPA SET 
!'H PPA SET 
H_FEP_SET 
!H_FEP_SET 


POOH DM | KL | 


RI — RIK QMO RF BM BW KI | 


RR RB | 


'T,_ PPA_WE 
!L_ PPA_WE 
1L_FEP_WE 


'L, FEP_WE 


1L_ PPA _ WE 


Th PPA WE 
!L_FEP_WE 
{LL FEP WE 


'L_ PPA_WE 
{T, PPA WE 


!'L_FEP_WE 
Vie. -We 


!L_PPA_WE 
!L_PPA_WE 
!L_FEP_WE 


!L_ FEP_WE 


!L PPA_WE 
!U, PPA _WE 
tlie BP WE 
'L_ FRP_WE 


th PPA: WE 
{t, PPA_WE 
'T, FREP_WE 
[bP ERP WE 
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— | RI RK — £2 Ry RK — — — | — $ KK — RR LK 


QQ MQ 


[HPP S3,HZPEP 62,0. RP Sly HopEP S015 


(PPA_SEL 
(PPA_SEL 
(FEP_SEL 
(FEP_SEL 


(PPA_SEL 
(PPA_SEL 
(FEP_SEL 
(FEP_SEL 


(PPA_SEL 
(PPA_SEL 
(FEP_SEL 
(FEP_SEL 


(PPA_SEL 
(PPA_SEL 
(FEP_SEL 
(PEP_SEL 


(PPA_SEL 
(PPA_SEL 
(FEP_SEL 
(FEP_SEL 
(PPA_SEL 
(PPA_SEL 
(FEP_SEL 
(FEP_SEL 


Woot di Hood TI 
ito Hout Ti 


ae 
ta 


i 


\ 


H_FA6. 


H_FA?7. 


HP BO. 


H_FB1. 


H_FB2 


H_FB3s 


H_ABO. 


H_AB1. 


H_AB2. 


H. ABS . 


H_FB4. 


st 


ek 


b@ealsters: 
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Appendix A. Real-World Converted Designs (continued) 


= (!H_FA6. 
# H_FA6. 
# !H_FA6. 
# H_FA6. 
= (!H_FA7. 
# H_FA7. 
# !H_FA7. 
# H_FA7. 
= (1H FBO: 
# H_FBO. 
# !H_FBO. 
# H_FBO. 
=, (ChE BBL. 
# H_FB1. 
# !H_FB1. 
# H_FB1. 
= (VE FBZ 
# H_FB2. 
# !'H_FB2. 
# H_FB2. 
2h UE SEB og 
# H_FB3. 
# !H_FB3. 
¢# H_FB3. 
= (!H_ABO. 
# $H_ABO. 
# !H_ABO. 
# H_ABO. 
= 4h ABI. 
#  H_AB1. 
# !'H_AB1. 
# H_AB1. 
=: A AB 2 
# H_AB2. 
# !H_AB2. 
# H_AB2. 
= (!H_AB3. 
# H_AB3. 
# !'H AB3. 
# H_AB3. 
= PHP BA. 
# H_FB4. 
# !H_FB4. 
# H_FB4. 


OR OF OF Cle OF OF OF .e) 


OOOO OOOO 
QR | | 


MO” oO OO00 


— RR KL 


LOR OF OF Ole OF OF OF Omen OF OF OF Omer On OF OF Olen On On One® 


R?7 RI | | 


7 — ey 


R72] — | 


— | KI | 


— — R&S QR B | — — | — R | — 


— — Ry | 


PPPOE 
LHoPPA SET 
H_FEP_SET 
{Hh UWPEP SET 


HPPA SET 
!'H_PPA_ SET 
HU FEP SET 
!H_ PEP SET 


HO PPB SBT. 
lH PPB SET 
H_ PEP SET 
VE PEP Oe 


FLJPPBOJ SEL 
lH PPB SET 
H_FEP_SET 
Ne Mand yl aan te 


H_PPB.SET 
TH PPB Sal 
Hy FEP SET 
he PEP SEL 


| A og do a cl 
{OPP one 
PPE PORE 
PP EP Or 


BP PB oT 
PHP PBs ok. 
H_PPA_SET 
'H_ PPA _ SET 


H2PPB oe 
Le PPB nee 
H_PPA_SET 
Us RN ale amos ul 


H_PPB_SET 
!1H_ PPB SET 
H_PPA_ SET 
'H_ PPA _SET 


H_ PPB SET 
i PPB Se 
H_PPA_SET 
fH PPA SET? 


H2PPB-SET 
ii PPB. Sb 
H_WFEP SET 
UD PRP SB 


— 2 | R727 | | R7 — RI | — 2 R —&| QM 2 Ry | R — | | RH |S KH RO | | QR — RI RW R72 > RK | 


7 Rx QR 


!T, PPA _WE 
!T, PPA_WE 
!L._ FEP_WE 
!L,_ FEP_WE 


!L, PPA WE 
'L PPA WE 
{L,_ FEP_WE 
'L, FEP_WE 


!L PPB WE 
Vly. PPB. WE 
{T,_ FEP_ WE 
!T, FEP_WE 


'L, PPB WE 
!L_PPB_WE 
[PEP WE 
!L, FEP_WE 


!L_PPB_WE 
!L_PPB_WE 
!L_FEP_WE 
lh ERP WE 


!L_ PPB_WE 
!'L_PPB_WE 
!L,_ FEP_WE 
Th FEP WE 


[li PPB WE 
ids PPB: WE 
'T, PPA_WE 
!L_HPPA_WE 


NEP PB WE 
thoPPR We 
'T, PPA WE 
'L PPA WE 


'L_ PPB _WE 
'L, PPB_WE 
'L, PPA_WE 
!L, PPA WE 


1G PPB WE 
fli PPB UWE 
!TL, PPA WE 
!L_ PPA_WE 


!L, PPB _WE 
TE. PPB WE 
{Tl PEP WE 
!T, FEP_WE 
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R72 R27 R | 


RH RK RM | RK | — HH | R RI RI KH RR |S — RR | R — KI 


7 > |S | 


ROR | KS RK LK 


(PPA_SEL 
(PPA_SEL 
(FEP_SEL 
(FEP_SEL 


(PPA_SEL 
(PPA_SEL 
(FEP_SEL 
(FEP_SEL 


(PPB_ SEL 
(PPB_ SEL 
(FEP_SEL 
(FEP_SEL 
(PPB_SEL 
(PPB_SEL 
(FEP_SEL 
(FEP_SEL 


(PPB_SEL 
(PPB_SEL 
(FEP_SEL 
(PEP_SEL 


(PPB_SEL 
(PPB_SEL 
(FEP_SEL 
(PEP SEL 


(PPB_SEL 
(PPB. SEL 
(PPA_SEL 
(PPA_SEL 


(PPB_SEL 
(PPB_SEL 
(PPA_SEL 
(PPA_SEL 


(PPB_SEL 
(PPB_SEL 
(PPA_SEL 
(PPA_SEL 


(PPB SEL 
(PPB SEL 
(PPA_SEL 
(PPA_SEL 


(PPB SEL 
(PPB_SEL 
(FEP_SEL 
(FEP_SEL 


I 
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Appendix A. Real-World Converted Designs (continued) 


H_AB4.T = (!H_AB4.0 & H_PPB SET & lle PPB-WE &. “(PPB SEs == “hc) 
# H_AB4.0 & !H_PPB_ SET & !L_PPB WE & (PPB SEL == “*hc) 
# !H_AB4.Q & H_PPA_ SET & !L_PPA WE & (PPA_SEL == “hc) 
# H_AB4.Q0 & !H_PPA_SET & !L_ PPA WE & (PPA_SEL == “hc)); 
test_vectors ([R_40MHZ,L RESET, 
ly -FEP WE FRPP SEL; HUFEP SET, 
L_PPA_ WE, PPA_SEL, H_PPA SET, 
L_PPB_WE, PPB SEL, H_PPB SET] 
-> [H_FA7, H_FA6, H_FA5, H_FA4, H_FA3, H_FA2, H_FA1, H_FAO, 
H_FB4, H_FB3, H_FB2, H_FB1, H_FBO, 
H_AB4, H_AB3, H_AB2, H_AB1, H_ABO]) 
bGy bs ly R007 Sey. 0 yO.) Le eC ee KE os 
ey kp Oy 0 074 Ah Oy en, OSS; 07.0.0 070,07 > 070-0..0,.0% 0s-0- 050.014 
(ee Oa Te Oh OL Oot ys: O iets 0-2-0504 Os, 0s 0 509-0. (0 0 e050. 2050.00. Or] 4 
[ely Oy has Ds LO On Ole Os 0.0070 ,0 sO. “O:04.0'.0i,.0%. 005 O00) 
Peay yO sos, Op bs ad Oe nO: Ole S00 050-0, 04.04.04 0506 05050. 00 00.0) 
[Cpe Oy nay Ug Ani 0, Teno, Ol =s0, 00 -0 00:07 64 03-0;-0,.00. -0.:00-050)|4 
ey, 0; bs 05s 0; 1 on OS 0 0..0.5:05 0-050 0... «0. 05.0,050 . 0.040 70-0) 
LC one 20s Ee Re Oi sr OO 5 Oe 0 00 Ons 0 yO Uy Oy CO OU Os 
be e0e AT 0 0 ne 0 Jae 10 70. 0. 0, 05.045 6, Oy 00405 05-04. 07070; 0;.012 
[ey yO". Oe OF yO a OSS 08), 00 0. OO 20. 0020510 -0s. 2000 O07 s 
Peale Os “R930, 1, On OF Leno: OP => 1050500 0,00 0.07.05 0,050% -0204.0;6;.0 12 
[eye Oa. Hee, bee its de Oy Oboe OO 5004040, O00 Oe oO. SOO Oe) Os 
Coy 0; Be 7 0 Ah a0 dn, Olas 00, 0,0. 0.0.00... 00 0 7040., 00,0004 
LCs Oy? ney Ly nd, 07200) <0, 04:0, '0:05:0,0:,04 0. 0-405-0:-0% 0 0,,0..0 0) 2 
bpd Oy PO cls) Hes O04 eo Os On 0 O20 70 Oe DOs S.. “OGs0/05 0 20 9-040 0.20 80 Th 
PCa sue adds ees Oy One 0) SEO ZO OOO iO, Lay: Ope 70.0, T0050 011 
[Cyd Oe? pipe DyOy kb nO, Oy) =S10 707.00 y Oy Led cae “OO OOO, .0-305050 70.1 4 
[Cp 0 hs Lb en, 0 AG 0 =S1070 2070) oy ty To, Oy 00% 0 20). 70-0; 0205-0: 
[Cle Oy he ey dls 04, P00) = 100505 1 iis do badly: (Or e0y-0 7003.0 &.. '07-0;.0 70 - 043 
[Cote Oe he peli AO gn Ol ee 0 0; ee pd als. (06070040). 0-300 ..001¢ 
Py yO Gg le ne Oy nO Os) SS (Oy de Gl oy hee Le OOOO YO, Oe 04-00) 3 
PCy Oy Ty pay ky LO eas OO Os fee eT od pee booths 1210). 100 5-0 2020 £0 |-4 
Oy Oe ey dg da a eed OG) eel kts ae Me ce Med rack 2 NO OL Oe ds 100 0,004 2 
epg Og See Dg 5 OO ee ae We Ml el ded de SOO Oude le 20 0s 2 0550) (4 
pedi ile pg ep eg OL ON easels olde eg te. Ones es “We O Ao tsa = 
(5250; "hBy, hk, isa yO en sO Lae Ne aly ee ees Oss ees HOO Oy eO 4s 
ey gn ep deg ae VL Ong Wer TO ON Se oa eee Seed a Oe Oe Oy OOS 
CC ae yp ip eh Oy Oy Olen ig daly lke | A ae bed e Ale MOON) lis 
ep akg Lye gn Op tO eh i On) sey ol ek aed s OO yr atl ap deg pate: “Ose EO Up OG 
LOL ply yy hey ia Oe Oy Oe Lh aly A 05 Ot. Os. Sig ke ee i. Ou 20 Os 
Lak jal gE yO no Os Oe Oe eo Oe OO. a eb eds. Oe. sO Os 
Moy cera yl ge ie, OL 2G, Oy = Salle he sO OLE IO. ie ee ks. (Oar OO Oe) 
OL gaye Aegis o hg page Oe On| es lO Oe Oe. bees date SOMO 0.0042 
(Cpa Le nik Oe nes 07k Oy Oy ae 00 0 0, Oe Os, ee Lek Oy OOO bis 
Op kyehe ly De Oy Oe Oy ls 0-0) > [0 (04004 070,.05 0, Lik eke 07 040707 0.14 
Peg daly Oy, iy a KON eye 0 70 1S 000 O00 010s, Os. Aes Ose (000 Os 0) 3 
Per dy Oe ye On 0 Og he O)| SO OO OL04 O00. tats POO, Oy s0c 0. 01s 
(Cpl gde BT dole hy 00>) Sh2.,.0 ] == 1070,0 70; 0, 0,005. 1.295070, 0;. 050,070 ;01% 
Cp sby keg. Lh peep sag nly Oy ge hha) = OO) 1000 0.20. bh O04 0. O00 0 |? 
Leybgche yg hy yl 7 Oe Uy a 0] => 100.070, 0 70 ;-0..07 07.0470 204.0 05010700 | 
Deal ly Oh ply toe .. One, 0 Ss 005050500705. 0 0.00.0 405. 031000, 0) 
Gaara iar Wr i aera Per Ua ck em C gree Ron, CeO 0500500 505. OO 0S 0.0. 0 OOO. 04-3 
Pose Lah as dla th Og ney O Pa 1-005 00 2-010. O00 0205. Os O00 « 
LC lly his he hy he 00 yh) == 0.05.0. 020,.040'30;,. 020,070 0s 050.0050 20 14 
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Appendix A. Real-World Converted Designs (continued) 
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Appendix A. Real-World Converted Designs (continued) 


~- Title ‘’Flag Controller 1 - Uxx_xx 
-- Revision O01’ 


use work.cypress.all; 
use work.rtlpkg.all; 
use work.int_math.all; 


ENTITY FLAGCTLR IS PORT ( 
R_40MHZ,H_FEP_SET,L_FEP_WE,H_PPA_SET, 
L_PPA_WE,H_PPB_SET,L_PPB_WE, L_RESET 2 ON ass 
PPA_SEL, PPB_SEL, FEP_SEL Ss IN BIT VECTOR: (3 downto: ’'0)i¢ 
FA INOUT BIT_VECTOR (7 downto 0); 
FB, AB INOUT BIT_VECTOR (4 downto 0)); 


attribute part_name of eventflg: entity is ’%c371"; 
END FLAGCTLR; 


ARCHITECTURE CONVERTED _ABL OF FLAGCTLR IS 


FUNCTION frbl_to_b(inl:Boolean) RETURN bit IS 
BEGIN 
ee ae) iy 
RETURN “Ls 
ELSE 
RETURN ‘0’; 
END IF; 


END frbl_to_b; 
-- This type conversion function converts a signal or relational operation 


~- result from type BOOLEAN to type BIT. A Boolean can have a value of either 


-- ‘TRUE’ or’FALSE’. A bit can have a value of either ’0’ or ‘1’. 
BEGIN | 

PROCESS (R_40MHZ, L_RESET) 

BEGIN 


ITF: (i RESET ="0") “THEN 


FOR i IN O TO 4 LOOP 
PAC): <=. “OS PE Cp) qe “Or> AB (a) vee Os 
END LOOP; 


FOR i IN 5 TO 7 LOOP 
PACs) aS. Oe 
END LOOP 7 


ELSIF (R_40MHZ’EVENT AND R_40MHZ =’1') THEN 


FA(O) <= FA(0) XOR 
((NOT FA(0) AND H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x%0" 


(FA(0) AND NOT H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x’0") 
OR (NOT FA(0) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x’”0") 
(FA(0) AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x’%0") 


)) 
) 

) 
ee 


FA(1) <= FA(1) XOR 
((NOT FA(1) AND H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"1") ) 
) 
) 
) 


(FA(1) AND NOT H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x’1") 
OR (NOT FA(1) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x’1") 
( ) 


FA(1) AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"1"))); 
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FA(2) <= FA(2Z).-XOR 
((NOT FA(2) AND H_PPA_SET AND NOT L_PPA WE AND frbli_to_b(PPA_SEL=x”2")) 
OR (FA(2) AND NOT H_PPA_SET AND NOT L_PPA WE AND frbl_to_b(PPA_SEL=x"”2") ) 
OR (NOT FA(2) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x”2") ) 
OR (FA(2) AND NOT H_FEP_SET AND NOT L_FEP WE AND frbl_to_b(FEP_SEL=x”2"))); 
FA(3) <= FA(3) XOR 
((NOT FA(3) AND H_PPA_ SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x”3")) 
OR (FA(3) AND NOT H_PPA_SET AND NOT L_PPA_ WE AND frbl_to_b(PPA_SEL=x”3") ) 
OR (NOT FA(3) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x”3") ) 
OR (FA(3) AND NOT H_FEP_ SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"”3"))); 


FA(4) <= FA(4) XOR 


((NOT FA(4) AND H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"”4") ) 


) 
OR (FA(4) AND NOT H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"4") ) 
OR (NOT FA(4) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"”4") ) 
OR (FA(4) AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x%4"))); 


FA(5) <= FA(5) XOR 
((NOT FA(5) AND H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"%5") 
(FA(5) AND NOT H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"”5") ) 
OR (NOT FA(5) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"”5") ) 
(FA(5) AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"”5") ) 


) 


FA(6) <= FA(6) XOR 
((NOT FA(6) AND H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x”6") 
OR (FA(6) AND NOT H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"”6") ) 
OR (NOT FA(6) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"6") ) 
OR (FA(6) AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"”6") ) 


) 


FA(7) <= FA(7) XOR 
((NOT FA(7) AND H_PPA_SET AND NOT L_PPA WE AND frbl_to_b(PPA_SEL=x"7") 
OR (FA(7) AND NOT H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"7") ) 
OR (NOT FA(7) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"7") ) 
(F ) 


) 


OR A(7) AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"7"))); 
FPRCO) <= FRO) XOR 
((NOT FB(0) AND H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x”%0") ) 
OR (FB(0) AND NOT H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x’%0") ) 
OR (NOT FB(0) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"”8") ) 
OR (FB(0) AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x”%8"))); 


FB CL) <8 FB 2) --XOR 


((NOT FB(1) AND H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x%1") ) 


) 
OR (FB(1) AND NOT H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x’%1") ) 
OR (NOT FB(1) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"9") ) 
OR (FB(1) AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x"“9"))); 
FR(2) <= FB(2) XOR . 
((NOT FB(2) AND H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x%2") ) 
OR (FB(2) AND NOT H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x”%2") ) 
OR (NOT FB(2) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x%A”) ) 
OR (FB(2) YS 


AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x”A”) 
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Appendix A. Real-World Converted Designs (continued) 


FBC): <= FB(3,) -xOR 


((NOT FB(3) 
AND NOT H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x’%3" 


AND H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x’%3") ) 


) 
) 
) 
) 


OR (BB(3) ) 
OR (NOT FB(3) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x’B7”) 
OR (FB(3) AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x”%B”))); 


AB(0) <= AB(0) XOR 
) 


AND H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x”8" 


( (NOT AB(0) ) 
OR (AB(0) AND NOT H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x”8") ) 
OR (NOT AB(0) AND H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x’8") ) 
OR (AB(0) AND NOT H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"8"))); 


AB(1) <= AB(1) XOR 


((NOT AB(1) 
AND NOT H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x’9" 


AND H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x”9") ) 


) 
) 
) 
) 


OR (AB(1) . ) 
OR (NOT AB(1) AND H_PPA SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"9") 
OR (AB(1) AND NOT H_PPA SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x”"9"))); 


AB(2) <= AB(2) XOR 
) 


AND H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x”A” 


( (NOT AB(2) ) 
OR (AB(2) AND NOT H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x”A” ) ) 
OR (NOT AB(2) AND H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x’%A”) ). 
OR (AB(2) AND NOT H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x“”A”))); 


AB(3) <= AB(3) XOR 
) 


AND H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x”B” 


( (NOT AB(3) ) 
OR (AB(3) AND NOT H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x”B”) ) 
OR (NOT AB(3) AND H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"”B” ) ) 
OR (AB(3) AND NOT H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x”B”))); 


FB(4) <= FB(4) XOR 
((NOT FB(4) AND H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x”4" 


OR (FB(4) AND NOT H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x%4") 
OR (NOT FB(4) AND H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x”C”) 
OR (FB(4) AND NOT H_FEP_SET AND NOT L_FEP_WE AND frbl_to_b(FEP_SEL=x’C”) 


) 


) 
) 
) 
eee 


AB(4) <= AB(4) XOR 
((NOT AB(4) AND H_PPB_SET AND NOT L_PPB WE AND frbl_to_b(PPB_SEL=x"C"” 


AND NOT H_PPB_SET AND NOT L_PPB_WE AND frbl_to_b(PPB_SEL=x%C” 


)) 

Ls )) 

AND H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x”C”) ) 
)) 


OR (AB(4) 

OR (NOT AB(4) 

OR (AB(4) AND NOT H_PPA_SET AND NOT L_PPA_WE AND frbl_to_b(PPA_SEL=x"%C"))); 
END IF; 


END PROCESS; 
END CONVERTED_ABL; 


Module CONVERTER 
Title ‘Converter 
Revision 01’ 


“ This device converts a 32-bit floating point word from one format to another. 
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CONVERTER device "MACH210A’ ; 


“Control Inputs: 


CLK PIN, 352" ‘Clock 

OE PIN 10;” Low Active Output Enable 
WE PIN 11;” Low Active Write Enable 
MODE PIN 13;” Shift Mode 


"died, fOr: Bios 


D31 PIN 43 TSTYPE “REG, BUPEER"’; 
D30 PIN 42 a Sila oa ah “REG, DBUPEER: 3 
D29 PIN 41 LOLLY Pe “REG; BUFFER” ; 
D28 PIN 40 LOIYrE “REG: BUPE MR’; 
b27 PIN 39 aS ALD Gayla! “REG; BUFFER’; 
D26 PIN 38 LSUYPE “REG, BUPFPER’ ; 
p25 PIN, 37 Io UY.PE "REG, BUFFER’ ; 
D24 PIN 36 AS ALS a nel REG, DUPRER 4 
D23 PIN ok I STVPE “REG, BUFFER?’ } 
D22 PIN: 30 LSPYPE SEG BUT B Bay * 5 
aa PIN 29 LSlCYPE "REG, BUFFER’ ; 
D20 PIN 28 LolyY PE "REG, BUF PER 
DIY PIN! 27 ISTYPE “REG; BUFFER ? 
D18 PIN 26 Lah PE “REG, BUBFPER’ 3 
D17 PIN: 25 Lolly PE "REG, BUFFER’ ; 
D16 PIN 24 LOEYPE PREG; BUPERR 3 
DiS PEN: 2a ISTYPE "REG, BUFFER’ ; 
D14 PIN 20 LSOTYPE "REG; BDUPPER’: 
D13 PIN 19 LSEY PE “REG, BUFFER’; 
DIZ PIN: Ls Toly PE "REG, BUPFPER’$ 
Dil PIN <7 LoL YPE "REG, BUFFER’; 
D10 PEN Ac6 ISTYPE "REG, BUFFER’ ; 
DO9 PIN? 5 RES Eb aed s ‘REG, BUFFER’ ; 
DO8 PIN 14 LSLYPE "REG, BUFFER’ ; 
DO7 PIN 9 LolYPr ‘REG; BUPPER 
DO6 PIN: 3 Pory PE ‘REG, BUPPER’ 3 
DO5 PIN 7 Lolly PE "REG, BUFFER’ ; 
DO4 PIN 6 LSTYPE "REG, BUFFER’ ; 
DO3 PIN: 5 LOry ee ‘REG, BUFFER’ ; 
DO2 PIN 4 ISTYPE ‘REG, BUFFER} 
Dod PIN 3 ISTYPE *REG, BUFFER ® ; 
DOO PIN 2 IS EYPE "REG,BUPPER™ 3 
idiots mgs, se? - Mg Ce pues s 


DIN = )(Dl9<PIN, DLS. PIN, DLT PIN, DLG. PIN, 
DL5.PIN,D14.PIN,D13.PIN,D12.PIN, 
DIL.PIN,; DLO .~PIN,DO9.PIN;DOS.PIN, 
DO] ...PIN;D06.PIN,DO5. PIN, DO4.-PEN, 
DO3.4 PIN, DOZ. PIN, DOL. PIN, DOO. PIN].3 


DOUT =e |) D31,.030,D297D28, 027 4026,,025,D24, 
D234 D22%D214020,D1L9, D138, Di7 ;D16, 
DIS :DiL4, D13,D12,Di1,010;,D09;,D08, 
DO7; D06,D05,.D04;,D03,D02;,D01;,D00] 3 


5-65 


DOUTF'B 


MO_SHIFT6 


M0O_SHIFT3 


SHIFT O 


Mi SHIFT6 


M1_SHIFT4 


M1_SHIFT2 


EQUATIONS 
HOUT Clik 


DOUT. OF 
DOUT 


I 


I 
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Appendix A. Real-World Converted Designs (continued) 


[Did Dis -DL74D1L6,-D15,,D1¢,-Db3,DiL2 y 
Dit, DLO, D09,;D08,D07,D06,;D05,D04, 
003; D02;,D01 ,D00}; 


[Ep te yg bpd, yy be By 
DL9, FR; DLS, BRB, DL). FB,DL6.2B, 
Di5.FB,DI4 PB, DI3sFB,DI2.FB; 
Dit. FB,DLO.EB; D0?.F BR, DUC.FB, 
DO7.FB,D06.FB,D05.FB,D04.FB, 
D03.FB;,D02.FB, D0L.FB,;DO0.FB); 


'WE & !MODE & 


((D19.PIN == H) # (D18.PIN == H) # (D17.PIN == H)); 
IWE & !MODE & 

(((D19.PIN == L) & (D18.PIN == L) & (D17.PIN == L)) & 
(CO TG. PIN S2r A): a (DLS .PIN SS) (DLA. DIN =: WE):). 3 
IWE & 

(((D19.PIN == L) & (D18.PIN == L) & (D17.PIN == L)) & 
((D16.PIN == L) & (D15.PIN == L) & (D14.PIN == L))); 


WE & MODE & 
(CD LORIN. 2=: <A). #y (DLs PIN. ==" A). 3-3 


!'WE & MODE & 


(((D19.PIN == L) & (D18.PIN == L)) & 
CODET. {PIN @= Ti) -#e (DL 6 CPIN == FA) ) 

IWE & MODE & 

(((D1L9.PIN == L) & (D18.PIN == L) & 
(D17.PIN == L) & (D16.PIN == L)) & 


) ) 
(DES. PEN 2s=) Hp ap (DIA. PIN =H) ) ys 


CLK; 


!OE; 
MO_SHIFT6 & 
Digi p dag deg dg tied tre tre a4 dy la ig a es PL ee ie 
D17.PIN,D16.PIN,D15.PIN,D14.PIN,D13.PIN,D12.PIN, 
D11.PIN,D10.PIN,D09.PIN,D08.PIN, DO7.PIN, D06.PIN] 


MO_SHIFT3 & 
LBigdiy day ley te ls Lg doy leg ay day i yy oy Lig Lig; D LG. PIN; DES. PLN, 
D1l4.PIN,D13.PIN,D12.PIN,D1i1.PIN, D10.PIN,DO9.PIN, 
DO8.PIN,D0O7.PIN,D0O6.PIN,D05.PIN, D04.PIN,D0O3. PIN] 


SHIFTO & 
Digan Ligchig Wier lies Lig ig Ligclisy deploy ihe oye DLS 4 LIN pee PLN, 
Dit .PIN,; DEO...PIN, DO9.PIN, DOS .PIN,DO7.PIN, D06.PIN; 
DO5.PIN,D04.PIN,D03.PIN,D02.PIN,D01.PIN,DOO.PIN] 
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# 
M1_SHIFT6 & 
PE gIeg Woy Ty diy Gig Lil in Tay Ln, Ei Deg Leg Tay Ly Hy Hy PLOY PIN; DIG. PIN ; 
Diy «PIN /Dl6. PIN, D15.PIN,OLA.PEN, DLS sPINy DIZ. PIN, 
DL1i.PIN;D1I0,PIN, DO9.PIN, DO08.PIN, DO7. PIN, DO6.PIN] 
it 
M1_SHIFT4 & 
[nity Deg Teh Lig Lig: Lig eng hoya play by Rh bly Tas D4 7 -P EIN 6. PLN 
DLS. PIN, Di PIN, DI3.PIN, Diz sPiIN, DLL. PIN, DLO. PIN, 
DOS. PIN, DOS. PIN,D07.PIN,DO6.PIN, D05: PIN, DO4. PIN] 
tf 
M1_SHIFT2 & 
[dap iy Wsiy Ey dy bop dp Ee dg Ly Lp Lig Ey Dig Ly yp be HG DS. PIN; Dia. PIN; 
Dis PIN, D2 =PIN;,Dl1l.PIN,;DLO~PIN; DO9. PIN; DOS. PIN, 
DO7.PIN, D06.PIN, DOS. PIN, DO4. PIN, DO3..PIN, D0O2. PLN] 
it 


WE & DOUTFB; 


Test_Vectors 


((CLK,OE,WE,MODE, DBIDT ] => DOUT ) 

[Cp pg hy “b00000000101101110110] -> Z;”“Write 

[Cyl Hy 74 -> *b00000000000000000000101101110110; “Read, Shifto 

Reve eis ir “HoCO0OLLOLOTLO1L OL O11.) = -2e"Write 

LC ply. Hye; 2] -> “b00000000000000000100110101101011; “Read, Shift3/Mode0 
Oe Hep lig Ly “b00001010101101011011] -> Z;”"Write 

(Ge Mag ee -> *b00000000000000000101010101101011; “Read, Shift3/Mode0 
ele orm eee SpO0OLOOLOLOTLOLOLIOLL] = S :2e"Write 

VG Ligstl o 2l -> “*b00000000000000000110010101101011; “Read, Shift3 /Moded 
[Coty sy “HOOOLLOTOLOTTOLOLLOTL |] SS Ze*wWrite 

CC elig Hey 2 -> “b00000000000000000111010101101011; “Read, Shift3/Moded 
Ky play Le “b00010110101101011011] -> Z;”Write 

eels ey ey Ze -> “b00000000000000000110110101101011; “Read, Shift3/Mode0 
Oe E lig *pOQ00OTTTOLOLLOLOTI0LL ) -S 23“Wreite 

[Chg php Ze) -> *b00000000000000000101110101101011; “Read, Shift3/Modeod 
Oe a ere Fe “b00011110101101011011] -> Z;”"Write 

[Oy Ey Hes, Z| -> “b00000000000000000111110101101011; “Read, Shift3/Mode0 
QRH: Ora Krad POOL IAD TOL LOLOL LOL. |) SS 2" Wrete 

[Cy bely x7 2 -> *b600000000000000001000111110101101; “Read, Shift6/Mode0 
PO pi igley APOLOLLILOLOLLOLOLLOLAL | —S 27 "Write 

[Cp ly yk 2] -> *600000000000000001001011110101101; “Read, Shift6/Mode0d 
[eG yi igckis “610011110101101011011] -> Z;"“Write 

LG dee Fy 2 Ze -> “b00000000000000001010011110101101; “Read, Shift6/Mode0 
Gs. Hy play hig “pLOLOOTIOLOLLOLOLLOLL). =s: 27 "Write 

olay Hyp te 20] -> *b00000000000000001010100110101101; “Read, Shift6é/Mode0 


5-67 


— 

S58 F pprcc | Converting .ABL files to VHDL 
Appendix A. Real-World Converted Designs (continued) 

[CH iy “b01100110101101011011] -> Z;“Write 

[Cb 2 -> *b00000000000000001001100110101101; “Read, Shift6/Mode0 

[C, By ly ly “b11000110101101011011] -> Z;“Write 

Keren eva -> *b00000000000000001011000110101101; “Read, Shift6/Mode0 

[C7 Hy ke ty 4b11111110101101011011] -> Z;“Write 

Cas Go| -> *b00000000000000001011111110101101; “Read, Shift6/Mode0d 

[C,H L, a, “600000100101101110110] -> Z;"Write 

[Ci Hy ke) -> *b00000000000000000101001011011101; “Read, Shift2/Model 

[C,H,L,H, “600001000101101110110] -> Z;“Write 

Kone or Al -> *b00000000000000000110001011011101; “Read, Shift2/Model 

[Cs “600001100101101110110] -> Z;“Write 

PC) ye 2 -> *b00000000000000000111001011011101; “Read, Shift2/Model 

[C,H,L,H, “600010000101101110110] -> Z;“Write 

PCs | -> *b00000000000000001001000010110111; “Read, Shift4/Model 

[C,H,L,H, “b600100000101101110110] -> Z;”“Write 

LC lip ho -> *b00000000000000001010000010110111; “Read, Shift4/Model 

[C,H,L,H, “b00110000101101110110] -> Z;“Write 

[Cpl Ht, Za -> *b00000000000000001011000010110111; “Read, Shift4/Model 

(Cag Hr 4600111100101101110110] -> Z;"Write 

emia. aya -> *b00000000000000001011110010110111; “Read, Shift4/Model 

cerns mueres “b10000000101101110110] -> Z;“Write 

LC Z| -> *b00000000000000001110000000101101; “Read, Shift6/Model 

[C,H,L,H, “b01000000101101110110] -> Z;“Write 

[C7 He 24 -> *b00000000000000001101000000101101; “Read, Shift6/Model 

[C,H, Ly A, “b11000000101101110110] -> Z;”“Write 

LC, Ligh 2d -> %b00000000000000001111000000101101; “Read, Shift6/Model 

[C,H lisa; “b11010100101101110110] -> Z;“Write 

erie e acl -> *b00000000000000001111010100101101; “Read, Shift6/Model 

cohesive. 0 “p11101000101101110110] -> Z;“Write 

Po, bene kez -> *b00000000000000001111101000101101; “Read, Shift6/Model 

(Cnn gia, b11111100101101110110] -> 2Z;“Write 

[C,H hi 2) ~> *b00000000000000001111111100101101; “Read, Shift6/Model 


End CONVERTER; 


-~- CONVERTED TO IEEE 1076 VHDL 


-- Module CONVERTER 
-- Title ‘Converter 
-~- Revision OL! 


-- This device converts a 32-bit floating point word from one format to another. 
-- Control Inputs 


use work.cypress.all; 
use work.rtlipkg.all; 
use work.int_math.all; 


ENTITY CONVERTER IS PORT ( 
CLK,OE,WE, MODE s JN Bel 
D - TNOUT XOLZ VECTORS (0'-FO:.31) 73 
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Appendix A. Real-World Converted Designs (continued) 


attribute part_name of CONVERTER: entity is "“c371"; 
END CONVERTER; 


ARCHITECTURE CONVERTED_ABL OF CONVERTER IS 
SIGNAL SHIFT2_ TMP, SHIFT1_TMP, SHIFTO_TMP, SHIFT2, 
SHIPT!, -SHLETO::. MO.SHIPT6; MO SHIPT3, 
M_SHIFTO, M1_SHIFT6, M1_SHIFT4, M1_SHIFT2 % «BTS 
SIGNAL D_TMP, D_FB > BIE SVECTOR (0° 31)% 
BEGIN 


Pls: .PROCESS 
BEGIN 
WAIT UNTIL CLK ='1'; 


FOR i IN 0 TO 13 LOOP 


D_TMP(i) <=(D_FB(i+6) AND SHIFT2 AND SHIFT1 AND NOT SHIFTO) 
OR (D_FB(i+4) AND SHIFT2 AND NOT SHIFT1 AND NOT SHIFTO) 
OR (D_FB(i+3) AND NOT SHIFT2 AND SHIFT1 AND SHIFTO) 
OR (D_FB(i+2) AND NOT SHIFT2 AND SHIFT1 AND NOT SHIFTO) 
OR (D_FB(i+0) AND NOT SHIFT2 AND NOT SHIFT1 AND NOT SHIFTO) 
OR (WE AND D_TMP(i)); 

END LOOP; 


‘1’ AND MO_SHIFT3) 


D_TMP(14) < ( 
‘1’ AND M1_SHIFT6) 
1 


(’0’ AND MO_SHIFT6) OR 
‘O’ AND M_SHIFTQ) OR ( 
0 ( 


OR ( 
OR ('0’ AND M1_SHIFT4) OR (‘1’ AND M1_SHIFT2) 
OR (WE AND D_TMP(14)); 

D_TMP(15) <= (’1’ AND MO_SHIFT6) OR (’0’ AND MO_SHIFT3) 
OR (’'0’ AND M_SHIFTO) OR (’1’ AND M1_SHIFT6) 
OR (‘1’ AND M1_SHIFT4) OR (’0’ AND M1_SHIFT2) 
OR (WE AND D_TMP(15)); 


FOR 1 IN 16 TO 28 LOOP 
Daven) set? Y 
END LOOP; 


END PROCESS Pl; 


MO_SHIFT6 <= (NOT WE AND MODE) AND 


(D_FB(19) OR D.FB(18) OR DUFB (17) ) 3 


MO_SHIFT3 <= (NOT WE AND NOT MODE AND NOT D_FB(19) AND NOT D_FB(18) 
AND NOT D_FB(17)) AND (D_FB(16) OR D_FB(15) OR D_FB(14)); 


M_SHIFTO <= NOT WE AND NOT D_FB(19) AND NOT D_FB(18) AND NOT 
D_FB(17) AND NOT D_FB(16) AND NOT D_FB(15) AND NOT D_FB(14); 


Mil_SHIFT6 <= (NOT WE AND MODE) AND (D_FB(19) OR D_FB(18)); 


Ml_SHIFT4 <= (NOT WE AND MODE AND NOT D_FB(19) AND NOT D_FB(18) ) 
AND (D_FB(17) OR D_FB(16)); 


Mi_SHIFT2 <= (NOT WE AND MODE AND NOT D_FB(19) AND NOT D_FB(18) AND 
NOT D_FB(17) AND NOT D_FB(16)) AND (D_FB(15) OR D_FB(14)); 
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Appendix A. Appendix A. Real-World Converted Designs (continued) 


SHLPT2. IMP <= M0-GHIFTG6 
OR M1_SHIFT6 
OR M1i_SHIFT4; 


SHIFTL TMP <= MO_SHIFT6 
OR MO_SHIFT3 
OR M1_SHIFT6 
OR ML-SHIFT2: 


SHIFTO_TMP <= MO_SHIFT3; 


-- Mapping for the Bidirectional buffers 
-- D_TMP is the internal signal which drives the output buffer 


-- OE is the signal for output enable (active high) 

-- D is the pin name, matches name in port assignment 

-- D_FB is the signal from pin that feeds back and drives the internal 
== structure 


Gl: FOR 1 IN 0 TO 28 GENERATE 
B1:BUFOE PORT MAP(D_TMP(i),.OE,D(i), D_FB(i)); 
END GENERATE; 


B2: BUF PORT MAP(SHIFTO_TMP,SHIFT0O); -- Forces logic synthesis to “split 
B3: BUF PORT MAP(SHIFT1 TMP,SHIFT1); -- sums” into SHIFT codes that are 
B4: BUF PORT MAP(SHIFT2_TMP,SHIFT2); -- encoded and placed on outputs D29-31 


B5.. BUPOR: PORT -MAP(SHIFTO,. OR) D(29)4- Open); 
B6: BUFOE PORT MAP(SHIFT1, OE, D(30), open); 
B7: BUFOE PORT MAP(SHIFT2, OE, D(31), open); 


END CONVERTED_ABL; 
Baa at aa a a ae a a Cut Nera ssa See Se a SSeS Se aS See Sa ees 


Warp is a trademark and Warp2 is a registered trademark of Cypress Semiconductor Corporation. 
MACH is a trademark of Advanced Micro Devices, Inc. 
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Abel"™-HDL vs. IEEE-1076 VHDL 


ss = CYPRESS 
Abstract 


Currently there exist several popular Hardware Description 
Languages (HDLs) that allow designers to describe the func- 
tion of complex logic circuits textually, as opposed to sche- 
matically. One of the most widely used of these languages is 
Data I/O's Abel-HDL. Abel-HDL, as a language, can be used 
to describe the behavior of logic circuits that can be fitted to 
a wide variety of PALs, PLDs, PROMs, and FPGAs from a 
variety of programmable logic IC manufacturers. IEEE-1076 
VHDL (VHSIC Hardware Description Language) has recently 
been gaining widespread support. VHDL is an open, portable 
language defined and standardized by the IEEE that can be 
used to describe the behavior of an entire system from the 
highest levels of functionality all the way down to the log- 
ic-gate level. A majority of CAE vendors, programmable IC 
manufacturers, and third-party software vendors already 
have or are planning tools that support VHDL logic synthesis, 
logic modeling, and/or VHDL simulation. 


The purpose of this application note is to compare and con- 
trast the complexity and basic features of Abel-HDL with 
those of IEEE-1076 VHDL. Both of these languages are very 
robust in their support of different types of constructs that can 
be used to describe the same functionality at different levels 
of abstraction. It is beyond the scope of this document to ex- 
haustively describe these possibilities or to present a com- 
plete tutorial for writing code in either language because of 
the great variety of constructs and syntax available with which 
to describe the functionality of a given circuit. Rather, a simple 
example design that contains a mixture of synchronous and 


incnt(3:0) 
=. oe Abit entcnt(3:0) 
_cn 
ae NS Input Reg. 
4-bit count(3:0) 
— clock Counter , 
endeqcnt 
6 
\endeqd_ > cnt_state 
L_cnteqo_™ State Machine 


asynchronous logic circuits will be shown. Sample code is 
written in both Abel-HDL and VHDL that describes the exam- 
ple’s functionality and synthesizes to create functionally iden- 
tical hardware. The code written here represents a typical lev- 
el of abstraction that balances readability with compactness. 
With experience, designers can develop their own preferenc- 
es for style. For instance, state machines can be described in 
a number of ways: state tables, IF-THEN-ELSE statements, 
CASE-WHEN statements, or explicitly using a combination of 
Register-Transfer-Level (RTL) code (individually describe 
each gate/register as a component with its inputs and out- 
puts) and/or Boolean equations. 


Example Description 


The following example is a circuit that creates a 50% duty 
cycle clock with programmable frequency. Figure 1 shows the 
block diagram of this Programmable Clock Generator. The 
output of the circuit is CLK_OUT, whose period is equal to 
clock(ns)*incnt*2. To program the device, LD_CNT is used to 
latch the value present at the INCNT(3:0) inputs into the 4-Bit 
Input Register. The output of this register is ENDCNT(3:0). 
The clock input is used to clock the 4-bit Up/Down Counter, 
whose output is COUNT(3:0). The 4-bit Comparator is an 
asynchronous comparator that compares the values of 
COUNT and ENDCNT. Its outputs are endeqcnt (ENDCNT = 
COUNT), enditent (ENDCNT < COUNT), endeqO (ENDCNT 
= 0), and cnteqO (COUNT = 0). Note that it is possible for 
ENDCNT to be less than COUNT if a new value for ENDCNT 
is loaded into the input registers that is less than the current 
value of COUNT. The cnt_state State Machine controls the 


endeacnt 
endltcnt 
endeq0Q 
cnteqO 


4-bit 
Comparator 


6 uN 


cntequ ~ 
~ 


——— 
— > 
mee 
—— 
Cc 


count(3:0) 


clr 
clk_out 


Figure 1. Block Diagram 
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li 


CLK_OUT signal and is clocked and enabled by the clock and 
en inputs, respectively. 


Figure 2 shows the state diagram for cnt_state. The state 
machine consists of three states: reset, cnt_up, and 


cnt_down. Two state bits are used to describe this Mealy-type | 


state machine. The state machine powers-up to the reset 
state. It also synchronously enters the reset state from any 
state if RSTN=0. Once RSTN=1, the state machine will count 
up until COUNT equals ENDCNT, at which point it will begin 
to count down until COUNT equals 0 and then repeat the 
cycle. If at any time ENDCNT = 0, cnt_state will return to 
reset. Also, if ENDCNT is ever less than COUNT, thus signi- 
fying an invalid condition, cnt_state will go to reset. 


The PLD targeted is the CY7C335. It was chosen because it 
can be used to illustrate a variety of features contained in 
some PLDs such as input registers, multiple clocks, buried 
registers, and synchronous reset/preset. However, any PLD 
with sufficient resources could be targeted. This is one of the 
main advantages of using an HDL. High-level languages, by 
design, allow a designer to write generic code that can be 
targeted to different devices/architectures with little or no 
modification. Going one step further, VHDL allows simulation 
and debugging of the logic from the source code. This can 
greatly reduce the overall design cycle time by allowing func- 
tional verification of the logic prior to targeting a specific phys- 
ical device. Once the logic has been verified, the designer can 
then compile and fit the same design into a variety of devices. 
From here, the designer can decide which implementation 
best suits his requirements. 


endlitcnt + 
endegO + 
rstn* 


endeqO & rstn 


endeqcnt 


cnteqO 
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Abel-HDL vs. VHDL 


In general, the constructs used to describe logic function in 
both ABEL-HDL an IEEE-1076 VHDL are very similar. Each 
can accept Boolean equations, truth tables, state descriptions 
(IF-THEN and CASE-WHEN), and signal assignments that 
are quite similar in appearance. However, differences do exist 
in syntax and in the overhead sections. These are the declar- 
ative sections which define hierarchical organization, design 
libraries, etc. AS we shall see, some of these statements 
found in the VHDL code have no direct counterpart in 
Abel-HDL. This is because Abel-HDL was created with a sin- 
gle purpose in mind, logic synthesis for PALs and PLDs. 
Therefore, with Abel-HDL, assumptions can be made by the 
compiler which can simplify the overhead syntax needed. Be- 
cause VHDL is a one-language-fits-all standard which applies 
to synthesis, modeling, and system definition at all levels, 
some syntax overhead is necessary to fully describe a design 
in the proper context. For example, the use of standard and 
user-definable packages and libraries allows many designs to 
share commonly used definitions, components, macros, func- 
tions, etc. Fortunately for the logic designer, these statements 
are used in most designs so that familiarity with them comes 
quickly and easily. This commonality also allows ample “cut- 
ting-and-pasting” from design to design. 


The following sections compare and contrast the source code 
files for Abel-HDL and VHDL on a logical section-by-section 
basis. Both of these files, wnen compiled, create functionally 
identical logic. Copies of the source code files in their entirety 
can be found in the Appendices. 


enditcnt + 
endeqO + 
rstn* 


Figure 2. State Diagram 
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Design and I/O Declarations 


The basic structure of both Abel-HDL and VHDL source files 
allow for one or more design units to be defined within it. Each 
design unit is a complete logic description. Multiple design 
units may be combined hierarchically in a single top-level 
source file which binds them together. In the example, we 
have used a single design unit for simplicity. The first section 
of code chosen for comparison contains the design declara- 
tion and device I/O declarations. In this example, the pin num- 
bers have been fixed. This is optional in either language. The 


module clk_gena; 


declarations 
device ‘’p335’; 


“TInputs 
clock: vid cnt -rsin 
nC s+: WNeCREZ. Ancnt l-.- 4ncHtd 


“Outputs 

endegent, endltecnt 

endeg0, cnteq0 

clk_out 

COUnES;. -COUnT2, “COuUntl counted 


end clk_gena; 


Abel-HDL vs. IEEE-1076 VHDL 


declaration of the target device is also optional in the source 
code. The targeted device need not be declared until it’s time 
to compile and fit the logic. 

Figure 3 contains the Abel-HDL code that declares the mod- 
ule name (line 01), the device (line 03), and the input and 
output pin numbers and types (lines 04-09). Line 45 is the 
end statement that completes the design module. 


The corresponding VHDL code is shown in Figure 4. VHDL 
requires a slightly different structure. A design unit consists of 
an Entity section and an Architecture section. By themselves, 


25,23 istype ’com’; 
24,27 istype ‘com’; 
17 istype ‘’reg_d’; 
19,15,26,26; 


Figure 3. Abel-HDL Design and I/O Declarations 


entity clk_genv is 
DPOrule Lock, Va-ent; -rsin: 
Tnene 
COMI 
endeqent, endltcnt, clk_out 
endeq0, cnteq0 


attribute part_name of clk_genv 
attribute pin_numbers of clk_genv 


eit bic 

:in bit_vector(3 downto 0); 
:buffer bit_vector(3 downto 0); 
sbuffer bit; 

sbuffer bit); 


entity <1e: “e335": 
entity is 


"Clocks 3> La seneel stn: Clic ours Ly. -” 
“anon (3:)°86> anent (2) 25 1nent CL) s4 anent (0) <2. 7 
“COUN (3S ) elo count (2) 25 count tL) +28 “count (0) 226-7 


“endegqent:25 endltcnt:23 endeq0:24 cnteq0:27"; 
end clk_genv; 


use work.int_math.all; 
use work.rtlpkg.all; 


architecture behave of clk_genv is 


begin 


end behave; 
Figure 4. VHDL Design and I/O Declarations 
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node istype “reg.d’ 7. 
endent3,endcnt2, endcnt1,endcnt0 node; . 
incnt = Lanent3,i nent? inentl ancntd |] 


count [count3;-count2,countl , counted |; 

endcent = [endcnt3,endcnt2,endcntl1,endcnt0]; 
outputs [count, endegent, endltcnt, endeq0d, cnteq0d,clk_out]; 
cnt_state = [rst_ctr,clk_out]; 


Figure 5. Abel-HDL Signal Declarations 


Signal endcnt : bit_vector(3 downto 0); 
Signal cnt_state : bit_vector(0 to 1); 


Figure 6. VHDL Signal Declarations 


each of these is considered a separate design component. represent a wire to transfer data. Both languages are similar 
The Entity section defines the component name (line 01). The in that the signal name and type are declared. 

port statement (lines 02—06) declares the I/O of the entity. For As can be seen in Figure 5, lines 10 and 11 of the Abel-HDL 
each signal, a mode (in, out, buffer) defines the direction of code declare the signals RST CTR and ENDCNT(3...0). 
the pin (buffer signifies output with feedback). The signal type Each is defined as type node, as opposed to type pin, which 
is also defined here. The type of a signal defines Size and would mean that the signal would be connected to an I/O pin. 
possible values which that signal can take on. Type bit defines An optional signal attribute may be used with the keyword 
a one-bit signal that can have the values of ‘0 and 1". Type istype to define the signal’s characteristics more explicitly. 
bii_vector (0 a 3) declares that the signal eae 4-bit vector, Lines 12—16 show the groupings of signals into sets. Defining 
Ba Cr DIOL WHICH Cali tane On Ie valves OF 008 Fs; ne sets allows a group of signals to be referenced by one name. 


07 declares the target device and is optional. Lines 08-12 Any operation performed on the set name will be performed 
declares the fixed pin assignments and is also optional. Note on each member of the set: 


that this line could be written as a single line terminated with 


a “:”. The “&” in this context signifies a continuation from the VHDL allows signal names that represent, among others, bit 
previous line. Line 13 is the end statement that terminates the vectors such as the one shown in line 17 in Figure 6. Here 
clk_genv entity. ENDCNT is equivalent to [ENDCNT(3), ENDCNT(2), END- 


CNT(1), ENDCNT(0)]. As seen earlier in the entity declara- 
tion, INCNT has been defined as a port (I/O pins) and is a 
4-bit vector similar to ENDCNT. Individual signals cannot be 
declared and grouped into sets as with Abel-HDL. Rather, 
groups are declared initially as bit vectors. The individual 
members of the set can then be operated upon separately or 
as a group (line 58 of the VHDL source code shows 


Lines 14 and 15 are statements that call out other libraries 
and packages making them visible to this design. These li- 
braries and packages may be predefined in the VHDL lan- 
guage or may be user defined. They may contain compo- 
nents, functions, procedures, declarations, etc., which may 
then be used by the current design. For instance, 


work.int_math.all enables all functions contained in the pack- 
age int_math (integer math), which is found in the work library. ent slate(!) peng aerignedre eee ero): 
These functions describe the operation of the “+” and “—” op- State-Machine State Definitions 


erators used in the up and down counter logic descriptions. 
The package rtipkg contains the definition of the Global Syn- 
chronous Set (gss) statement used on line 27. 


The section where state register assignments are declared is 
very similar for Abel-HDL ‘and VHDL. Both languages require 
assignment of a constant value to a name which gets com- 


The second part of a complete design unit is the Architecture pared to the current value of the state bits (cnt_state) in the 
section. In this section, we find the description of the behavior actual state machine implementation (IF-THEN-ELSE, 
of the black box defined in the Entity section. Associated with CASE-WHEN). Shown in this document is one method of de- 
the Architecture statement are begin and end statements. signing a state machine. Both Abel-HDL and VHDL allow a 
Line 16 declares the Architecture name, behave, for the fol- variety of ways in which to create a state machine. For large 
lowing statements which describe the functionality of the En- state machines, a more compact implementation might be 
tity clk_genv. The Entity and Architecture sections are sepa- with a Truth-Table in which inputs and outputs are described 
rated because VHDL allows multiple architectures to be in a tabular form. This method is more compact but some may 
defined for a given entity. Only one architecture can be asso- find it less “readable” than other methods. Both languages 
ciated with an entity in a given design. This feature allows also support Mealy, Moore, and one-hot (one register per 
multiple versions of an architecture to be saved in a library. state) state machine implementations. Figure 7 shows the 
The Configuration statement is used to select a specific ar- Abel-HDL state assignment code. 

chitecture (See Reference 3). 

Internal Signal Declarations 17: reset 

In both Abel-HDL and VHDL, internal signals (nodes) may be 18:  cnt_up 

defined. These signals do not connect directly to an input or 19: cnt_down 


an output pin and may result from buried logic or may simply 


Figure 7. Abel-HDL State Machine Definition 
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constant reset : bit_vector(0 to 1) := “00"; 
Constant cnt up = bit vector(0 tol) 25:"1E"3 


constant. cnt down -: bit. vector(0 to 1) .4= “10's 


Figure 8. VHDL State Machine Definition 


equations 
endegqent (tendent<flb: = 4) -S=- Gount.-rb)}>4 
enditent = (endent. fb =< -count« =p); 
endegqO = (endcnt.fb == 0); 
enteq? =: (count.Ebo s= ys 
OULPUES. Sp: = rstn- 
COUnE CDK = clock: 


Figure 9. Abel-HDL Combinatorial Logic Equations 


endeqent <= (count = (endcnt-1)) else ‘0’; 

endltcnt (endcnt < count) else ‘0’; 
(endcnt = “0000") else ‘0’; 
(count = “0001") else ’0O’; 


endeq0 
cnteq0 
gss <= 


Figure 10. VHDL Combinatorial Logic Equations 


Figure 8 shows the VHDL code needed to make state assign- In VHDL, since extensions are not allowed in signal assign- 
ments. Note here the increased verbosity relative to ments, special functions are created and placed in a standard 
Abel-HDL. This, again, is due to the fact that VHDL is a more package which access these specific device features. In this 
general-purpose language and that statements must be more case, the gss (global synchronous set) function is found in the 
explicit. Here, a constant is defined to be a certain type package rtipkg. When using a function (or other statement) 
(bit_vector) and then is assigned a initial value using the “:=” found in a package, a use statement must be added (Line 15) 
operator. Note that VHDLs usage of the “:=” operator is differ- so that the contents of the package are visible to this design. 
ent than its meaning as a registered signal assignment oper- This requirement may seem cumbersome on the surface. It, 
ator in Abel-HDL. in fact, represents one of the most powerful advantages of 
: : . : using VHDL. It gives the ability to save and reuse commonly 
Combinatorial Logic Equations used statements in standard or user defined packages which 
Both Abel-HDL and VHDL allow combinatorial Boolean) logic can then be accessed by any design. These packages can in 
equations. As Figures 9and 10 show, the syntax is quite sim- turn be placed in libraries which can be organized by function, 
ilar. Combinatorial statements in Abel-HDL are signified by a project, etc. 
“=” operator. Use of the istype reg attribute in the signal dec- Input Register Logic Definition 
laration section and/or use of the appropriate explicit signal 
extensions (.c, .q, .d, etc...) and the “:=” operator signifies The CY7C335 was chosen for this example because it can be 
registered logic. In VHDL, the syntax for both a combinatorial used to illustrate a variety of features that may be found in 
and registered signal assignment is the same, “<=”. The dif- other programmable logic devices. In this section, we are 
ference being determined by where in the code the statement making use of the registered inputs. The inputs are defined 
appears. It is treated as a registered signal only if the signal as INCNT(3:0). Once registered, these signals become END- 
assignment statement occurs inside of a clocked process. CNT(3:0) and are assigned to internal nodes in the device. 
(See References 1 and 3 for full explanation of processes.) In the Abel_HDL code shown in Figure 11, Line 27 assigns 
’ tea , the signal LD_CNT to be the clock for the ENDCNT registers. 
Since the CY7C335 used in this example, like many other Line 28 uses the registered assignment operator, “:=”, to cre- 
devices, contains special features, such as global or individ- ate ENDCNT from INCNT. 
ual resets, presets, or OEs, there needs to be a means to 
expressly access them. Lines 25 and 27 of the Abel-HDL and In VHDL, to create registered logic, a process must be used. 
VHDL, respectively, show how to access the available global This highlights a key concept in VHDL, the notion of concur- 
synchronous preset of the device. In the Abel-HDL code we rent vs. sequential statements. All concurrent statements are 
have defined a set to be all of the output signals (see Line 14). continuously and simultaneously evaluated, creating combi- 


By simply using the .sp extension, !rstn is assigned to the 
global synchronous preset signal. Note that it is not neces- 
sary to define a set. Since in this device the preset is global, 
by assigning !rstn to the preset of one output register, all are 28: endent := incnt; 
automatically connected. Line 26 assigns the signal clock to 
the counter registers. Figure 11. Abel-HDL Input Register Definition 


27d --Enacnte Glee = Ld encs 
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natorial logic. Sequential statements, as the name implies, 
are evaluated in order. The IF-THEN-ELSE construct is a 
classic example of a sequential statement. In VHDL, only 
statements found within a process are sequential. The pro- 
cesses themselves are concurrent and are continuously eval- 
uated at the same time as all other statements between the 
begin and end of an Architecture section. A process is awak- 
ened (i.e., evaluated) when a change occurs in the value of a 
signal that is sensitive to that process. Sensitive signals are 
defined by the use of a sensitivity list or a wait statement at 
the beginning of the process. In our example we have used 
the wait statement to awaken a process when the clock signal 
for the associated logic sees a rising edge (Lines 28-31 of 
Figure 12). Here, the in_reg process is evaluated when a ris- 
ing edge occurs on LD_CNT. Inside, the process statements 
are evaluated sequentially. In this process there is a single 
statement which, when evaluated, causes the value of INCNT 
to be transferred to ENDCNT. This effectively creates a regis- 
ter clocked by LD_CNT. 


State-Machine Description 


The description of the simple three-state state machine (see 
Figure 2) is shown next for both Abel-HDL and VHDL in Fig- 
ures 13and 14, respectively. In general, both languages allow 
a variety of state machine definition methods. Included are 
truth tables, IF-THEN-ELSE statements, and CASE-WHEN 
statements. Both implementations require a state machine 
name declaration, clock declaration, and state descriptions. 


In the Abel-HDL code of Figure 13, line 29 declares the signal 
clock to be the clock source for the state registers. Line 30 
declares the following state descriptions to be for the state 
machine cnt_state. Lines 31-44 are the descriptions for each 


in_reg process begin 


Walt until (ld_cnt 


endcent <= incnt; 
end process; 


Figure 12. VHDL Input Register Definition 


cnt_state.clk = clock; 
state_diagram cnt_state 
state reset: 
Coune <= V000> 
if (endeq0O) then reset; 
else cnt_up; 


state cnt_up: 
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of the three states. Within each state description can be found 
signal assignments and IF-THEN-ELSE statements defining 
the conditional next-state assignments. 


Similar to Abel-HDL, the VHDL code of Figure 14 contains a 
clock declaration on line 33 (the wait until statement implies 
clock is the register clock in this process), and a state ma- 
chine declaration on line 34 (the case statement defines 
cnt_state as the state machine under evaluation). Lines 
35-57 contain the individual state descriptions. Lines 32 and 
58 declare the beginning and end of the process called 
counter. This explicit declaration of the beginning and end of 
processes is necessary because of the VHDL distinction be- 
tween concurrent statements and sequential (within a pro- 
cess) statements. Note the addition of the “when others” 
statement. This is added to insure the state machine can re- 
cover from an invalid (undefined) state. Lastly, line 59 assigns 
the value of the state bit cnt_state(1) to the output signal 
CLK_OUT. Had this statement been placed inside the pro- 
cess it would have been treated as a sequential statement 
and, therefore, would be registered. This would have caused 
a registered, or pipelined, delay to be added to CLK_OUT. 


Summary 


In summary, as design languages, Abel-HDL and 
IEEE-VHDL are really quite similar in complexity. Many expe- 
rienced Abel-HDL users may perceive VHDL to be unneces- 
sarily complicated. This may be true if one is limited to the 
smaller playing field covered by Abel-HDL. VHDL, on the oth- 
er hand, covers a broader set of applications, such as full 
system-level description and simulation. The extra verbosity 
is minimal when compared to the extra functionality provided. 
For instance, VHDL allows true source code simulation, an 
easy migration path to ASICs (standard, portable language), 
and design with different types such as integers, enumerated 
types, records, etc. It also is truly device independent. For 
instance, falling edge clocks and XORs can be described be- 
haviorally in VHDL whereas in Abel-HDL, the target device 
must be declared and specific fuses programmed to make 
use of these special features. 


count += (count.fb + 1); 


if (endltcnt # endeq0) then reset; 
else if (endeqent) then cnt_down; 
else cnt_up; 


state cnt_down: 


Count, ==.\(Gount. fo =. ys 
if (endltcnt # endeq0d) then reset; 
else if (cnteq0) then cnt_up; 


else cnt_down; 


Figure 13. Abel-HDL State Machine Equations 
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counter process begin 

Wart. Untid “clock ‘=. “1")% 
case cnt_state is 
when reset => 

Count. <= “G000"s 

= 0) then “Cnt state, <= -ent-up: 


if (endeqOd = 
else cnt_state <= reset; 


end if; 
when cnt_up => 
count, <=--cCount: lL: 

OR endegO='1'’) then 


Le. (endltent=" 1" 
cnt_state <= reset; 
‘1’) then cnt_state <= cnt_down; 


elsif (endeqent = 
else cnt_state <= cnt_up; 


end if; 
then 


when cnt_down => 
COUNT: <= sCOunt: =: 4 
OR endeq0='1') 


LE ‘(endltent=" 1" 
reset; 
then cnt_state <= 


cnt_state <= 
el sit :(entegd: 2: i) 
cnt_down; 


else cnt_state <= 
end if; 

when others => 
count <= "0000" 
cnt_state <= reset; 


end case; 


end process; 
clk out <= cnt_state(1); 
Figure 14. VHDL State Machine Equations 
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Appendix A. VHDL Design File for Prog. Clock Generator 


41 Duty 
:in bit_vector(3 downto 0); 
:buffer bit _vector(3 downto 0); 


rstn 
tbuffer bit; 


clk_out 
entity is “c335"; 


entity clk_genv is 
-burter bit); 
entity is 


DOrtLeLock,. 1a Cnt, 
endltcnt, 


nu 
W 


Ol: 
U2: 
03: nent 
O04: count 
endegqcnt, 
endegO, cnteq0 
attribute part_name of clk_genv 
attribute pin_numbers of clk_genv 
PO OC kes la: Cnesa Stns] <CLK outs 7 
& “inenk(3)<6 Aanent (2) 25 -inent.( 1744 ancnt’ (0) +2 
& “count (3 )409 -<count(2) +15. count (1)328 Counce (0)226 
& “endegqent:25 endltcnt:23 endeg0:24 cntegq0:27"; 


Ls 
end clk_genv; 
use work.int_math.all; 
use work.rtlpkg.all; 
architecture behave of clk_genv is 
bit_vector(3 downto 0); 
: bit veotor( > te") % 
bit vector (0: co. i): se -“O0"s 
:= soi Fi aes 
:= ood alee 


Signal endcnt 
bit_vector(0 to 1) 
bit vector (0 ce 1) 
else ’0’; 


LG: 
17 
18: signal cnt_state 
19: Constant reser 
2Q0%- constant cnt up 
21: constant cnt_down 
22: begin 
23: endeqent <= ‘1’ when (count = (endcnt-1) ) 
24: endlitcnt <= ‘1’ when (endcnt < count) else ‘0’; 
endeq0 <= ‘1’ when (endent = ”“0000") else ‘0’; 
a= 1 whem *(eount = “000 0") celee "Oe: 
ae ey 


2 
26: cnteq0O 
27: gss <= NOT(rstn); 
process begin 
(ld_cnt = 


Ao 
29: 
30). 
i le 


in_reg 
Wart. manta. 
endent <= incnt; 
end process; 
process begin 
(clock = ‘'1’); 
then cnt_state <= cnt_up; 


counter 

Wait until 
case cnt_state is 
“O0000"; 


50% 
3% 
Sass 
35 when reset => 
3.6% COUnL <= 
ous 1£ (endegqd = ’0’) 
30% else cnt_state <= reset; 
5o% end if; 
AQ: when cnt_up => 
Al: count <= count: 41% 
A2: if (endltcnt='’1' OR endeq0=’1') then 
43% cnt_state <= reset; 
44: elsif (endeqent = ‘1’) then cnt_state <= cnt_down; 
else cnt_state <= cnt_up; 
end if; 
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Appendix A. VHDL Design File for Prog. Clock Generator (continued) 


47: when cnt_down => 


48: count <= count - 1; 

49; if (endltcnt='1'’ OR endeg0=’1') then 

BO: cnt_state <= reset; 

oe ae elsif (cntegqO = ‘1’) then cnt_state <= cnt_up; 
bes else cnt_state <= cnt_down; 

53% end if; 

54: when others => 

55% Count. <=-“0000"- 

56% cnt _state <= reset; 

Bie end case; 


58: end process; 
59+ -clk out <= cnt lstate(1): 
60: end behave; 
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Appendix B. Abel-HDL Design File for Prog. Clock Generator 


O01: module clk_gena; 


02: declarations 
03: device 'p335’; 


“Inputs 
QO4*. Clock, Ld-cnt. rstn Din, 35.450 ¢ 
052 2nent3, ~anecnt2,. incentis. anent Pin 6;.5,;442; 
“Outputs 
06: endeqent, endltcnt pin 25,23 istype ‘com’; 
07: endeqOd, cnteq0 pin 24,27 istype ‘com’; 
08: eclk_out pin 17 istype ‘reg_d’; 
OSs Gount3s; CountZ, count! ,. countd Dat 19 15,4235 76- 
10% xsl ctr node istype ‘reg_d’; 
11: endecnt3,endcnt2,endcnt1,endent node; 
2s. ADCHE = (inenes7ancnt2 i ncnt Lincnt0}:: 
L3% count = - (Counts, count2, Count! counto]: 
14: endent = [endcnt3,endcnt2,endcnt1,endcnt0]; 


[count, endeqent, endltcnt, endegqd, cnteq0,clk_out]; 


15: outputs 


16: ent_state = [rst_ctr,clk_out]; 
17: reset = 00h 
[ 


18: ent_up = [lis 

Loe -Cntidownm «2: [4501s 

20: equations 

21: endegent = ((endent.fb - 1) == count.fb); 


22: endltcnt (endcnt.fb < count.fb); 


23: endegO = (endcnt.fb == 0); 
24% Cntegd: = (count.fb. == 1) 
252 OUEDUCS. 6p: => Irstn> 


20% ‘Count .cilk = ¢clock: 
Z2bh endentsclk = Td-ent? 
28: endent := incnt; 


29% -ent. state.clk = clock; 


30: state_diagram cnt_state 

ele state reset: 

328 count: += 0000; 

33:3 1f (endeq0d) then reset; 
34: else cnt_up; 
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Appendix B. Abel-HDL Design File for Prog. Clock Generator (continued) 


ays state cnt_up: 

36% COUN t=- (Courts tie d}3 

oye 1£ (endltcnt # endeqOd) then reset; 
38: else if (endeqcnt) then cnt_down; 
39: else cnt_up; 

40: state cnt_down: 

Al: Count <= (count:.fb. = 1) 

42: if (endltcnt # endeqO) then reset; 
43: else if (cnteq0) then cnt_up; 

44; else cnt_down; 


45: end clk_gena; 


Warp2 is aregistered trademark of Cypress Semiconductor Corporation. 
Abel is a trademark of Data I/O Corporation. 
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State Machine Design Considerations and Methodologies 


The use of state machines provides a systematic way to de- 
sign complex sequential logic circuits—an increasingly popu- 
lar approach since the advent of PLD (Programmable Logic 
Device) circuitry. This application note describes the many 
options encountered during the state machine design cycle. 
By exhaustively walking through the PLD-based design ex- 
ample presented here, you can weigh the merits of several 
design approaches. 


Definitions of Commonly Used Terms 


External input vector—External signals (stimulus) applied to 
the state machine. 


System outputs—Signals generated by the state machine 
that are explicitly designed for availability to the external sys- 
tem (hardware outside of the state machine). Registered sys- 
tem outputs can also be fed back into the state machine as 
part of the State Vector, which is then used in the decode of 
the state machine’s next state. 


State registers—Registers used exclusively for determining 
the next state of the machine (feedback). 


State outputs—Outpuis of the state registers that are avail- 
able to the external system. (They are typically available to 
the external machine for debug or due to the lack of buried 
registers.) 


State vector or machine state—The registered feedback in- 
formation defining the present state of the machine and re- 
quired to determine the next state of the machine. 


State path—The transitional condition that must be met for 
the state machine to progress from one state to another. The 
state path typically consists of one or more product terms 
generated from external inputs, although other state paths 
are possible. 


Total input vector—The combination of the external input vec- 
tor and the state vector. The total input vector is decoded to 
generate the next state of the machine. 


State Machine Entry Methods 


There are many ways of describing a state machine, each 
with distinct advantages and disadvantages. Three popular 
description methods are state diagrams, state tables, and 
high-level languages (HLLs). The state diagram provides an 
easily observable flow description of the state machine. Be- 
cause the ability to view the flow of states provides distinct 
documentation advantages, state diagrams will be used 
throughout this application note to describe the example state 
machine. 


Upon completing a state diagram, you can easily convert the 
diagram’s visual information into the other types of state ma- 
chine description or directly into Boolean equations. Several 
available software programs accept their own forms of state 
table, HLL, and/or Boolean entry. You can enter all these for- 
mats easily via your favorite text editor. The software then 
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translates the inputs into suitable forms (usually a JEDEC 
map) for hardware implementation. 


Another method of describing a state machine, the state ta- 
ble, offers perhaps the most concise description. Its major 
advantage over the other entry methods is the availability of 
state table reduction methods (see Reference 1). When ap- 
plied to your state table definition, a reduction program gen- 
erates a minimal model for the function. The software used 
for state machine synthesis throughout this application note 
uses the state table method of entry. The program is called 
LOG/iC™ from Isdata Corporation. 


Finally, high-level language (HLL) state machine entry is 
probably the most popular form of state machine design. 
HLLs typically offer C-language-like instructions (e.g., case, 
if-then-else, etc.) to describe the machine. 


A Sample State Machine 


The sample state machine is a clock generator for a pipelined 
(three system execution stages), bit-slice-based, central pro- 
cessing unit (CPU). Each of the three system execution stag- 
es contains two clocks for a total of six system clocks for every 
instruction execution. With pipelining enabled, each instruc- 
tion takes an average of two clock periods. Further, external 
hardware unaffected by CPU wait and stop states (e.g., cache 
memory) needs both polarities of an additional free-running 
clock. 


To minimize clock edge skew, the state machine provides 
both versions of the clock. To put the timing of this application 
into perspective, executing each pipeline stage in an 80-ns 
period (or 12.5 MHz) requires the state machine to run at 25 
MHz. This speed is well within the range of the available PALs, 
EPLDs and PROMSs that can be used to implement the state 
machine. 


Each of the pipeline’s three execution stages has a specific 
function. Briefly, the first stage of the pipeline accesses the 
Writable Control Store (WCS) RAM. The Arithmetic Logic 
Unit (ALU) execution occurs during the second stage of the 
pipeline. Finally, the third pipeline stage clocks status and 
memory address registers. The function(s) performed during 
each of the three stages are described in greater detail in the 
State Machine Output Definition section of this application 
note. 


If this design only generates a simple set of pipelined clocks, 
why not use shift registers and miscellaneous glue logic in- 
stead of a state machine? There are two reasons to consider 
a state machine. First, it is usually desirable to minimize the 
number of chips required; the state machine in PLD form 
might need external glue logic, but significantly less than the 
shift register solution. 


The second reason for considering a state machine is that this 
application requires more then just a simple set of pipeline 
clocks. The function of the clock signals is to provide control 


of the CPU in multiple modes of operation. The desired 
modes of operation follow. 


PIPELINED RUN Mode 


In this mode, the CPU simultaneously performs the instruc- 
tions in all three stages of the pipeline. For example, while 
instruction n does an ALU operation, instruction n+1 access- 
es WCS, and instruction n—1 clocks ALU status. 


NONPIPELINED RUN Mode 


NONPIPELINED RUN mode performs all three stages of in- 
struction execution without overlap. The time to complete one 
nonpipelined instruction equals the average of three pipelined 
instructions. 


CPU STOP 


The system must have a way to perform an orderly stop of 
CPU execution from both of the above run modes. This stop 
might be the result of several possible conditions, including a 
utility stop from a system control unit, a single step, a break- 
point, or a response to external hardware (e.g., a logic ana- 
lyzer). The free-running clocks continue to run during the 
CPU STOP mode and remain running at all times, except 
during a reset condition. 


CPU WAIT 


In CPU WAIT mode, an external condition causes a delay in 
an instruction’s execution. The instruction pauses until the ex- 
ternal condition is removed. One application for the CPU 
WAIT mode is to handle a cache miss. When a cache miss 
occurs, the CPU remains in the CPU WAIT mode until the 
cache completes its memory transfer. 


SINGLE STEP 


The ability to execute one instruction at a time is needed to 
debug the CPU. You can easily implement SINGLE STEP ex- 
ternal to the clock state machine by pulsing the RUN signal. 
SINGLE STEP mode is described further in the State Ma- 
chine Input Definition section of this application note. 


INTERRUPT 


A variety of system conditions can interrupt the CPU out of its 
normal execution sequence and immediately start the execu- 
tion of the interrupt handler. The influence of the INTERRUPT 
mode on the system clocks will be discussed in greater detail 
later in this application note. 


REPEAT INSTRUCTION 


The REPEAT INSTRUCTION mode is a CPU debug feature. 
It is a good idea to implement this mode external to the clock 
state machine. By dubbing the clock to the instruction register 
and the interrupt line to the clock state machine, the CPU 
continually executes the instruction in the instruction register. 


Synchronous vs. Asynchronous Machine 


At this point in the state machine design, an appropriate type 
of state machine must be chosen to match the application. 
Two major types are the asynchronous and the synchronous 
implementations. The asynchronous machine changes state 
when one or more of its inputs changes from a previously 
stable input state. After a state change, the outputs of the 
state machine settle, while the machine stabilizes once again. 
A basic example of an asynchronous state machine would be 
a simple SR latch built from two NAND gates (Figure 1). For 
the clocking application considered in this application note, 
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Figure 1. SR Latch, Asynchronous State 
Machine Example 


the asynchronous state machine implementation would be a 
poor choice, due to the instability of the system outputs. 


The synchronous state machine offers a better choice. A syn- 
chronous state machine block diagram appears in Figure 2. 
Generally, a synchronous state machine samples the total 
input vector at specific periods to determine the machine’s 
next state. When designing synchronous state machines, it is 
important to avoid state register metastability. External inputs 
to the machine must be synchronized to guarantee stable 
state register inputs, and the feedback time plus data set-up 
time to the state register clock must be less then or equal to 
the state clock period. 


The modern theory of synchronous state machines was pio- 
neered by Mealy and Moore (see Reference 1). Mealy and 
Moore machines differ slightly from each other in the way they 
control the system outputs. During a specific machine state, 
a Mealy machine allows the input conditions to alter the sys- 
tem outputs (the outputs depend on the “total” input state). In 
contrast, a Moore machine system outputs depend only on 
the present machine state. Thus, the system outputs remain 
stable until the next time period, when the Moore machine 
samples the total input vector to determine the next state. If 
all design conditions are met (external inputs are stable prior 
to the next state clock), the Moore machine provides 
glitch-free system outputs-a desirable characteristic for the 
CPU system clock. The design described here is therefore 
implemented as a Moore machine. 


Clock Generator Output Definition 


As explained earlier, each of the three system execution stag- 
es contains two clocks for a total of six system clocks for every 
instruction execution. The naming convention for these clocks 
is 


CLK_xy 


where x = 1, 2, or 3, representing the first, second, or third 
stage of the instruction execution and y = A or B, representing 
the first or second half of the execution stage. 


Following this convention, the state machine’s two free-run- 
ning clocks are named CLK_A and CLK_B. These clocks run 
at half the state clock frequency and 180. degrees out of 
phase. The free-running clocks occur at the same time as 
their respective CLK_xA and CLK_xB clocks. 


The major clock functions for this application are: 
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Figure 2. Synchronous State Machine Block Diagram 


CLK_1B: The aed. edge of this clock updates the instruc- 
tion register. 


CLK_2A: This clock’s leading edge marks the start of ALU 
execution. The information on the ALU input bus clocks into 
the appropriate input registers at this time. The instruction 
cycle is considered recoverable up through and including 
CLK_2A (i.e., the status of the machine from the previous 
instruction has not been altered). 


CLK_2B: Used to control the second half of the ALU execu- 
tion stage, this clock initiates a write to RAM, triggers 
counters, gates ALU output into its latch, and clocks the ALU 
output information into any of the distributed destination reg- 
isters. 


CLK_3A: On this clock the memory address register can be 
updated. The ALU output bus status and ALU status is also 
clocked into the CPU status register. 


Clock Generator Inputs 


A set of inputs (external stimulus to the state machine) con- 
trols the state machine. The clock state machine described 
here has eight external inputs, including the state machine 
clock. These inputs are: 


STATECLK: The state machine clock. 


RESET: An asynchronous or synchronous reset input that 
can be connected directly to the state registers’ preset or 
clear or to all clocked register inputs (D or T input). If connect- 
ed to the preset or clear, RESET need not be synchronized. 
In this case, RESET forces the state machine into the ma- 
chine’s initial state, regardiess of the present state. RESET 
can result from any combination of the following sources: © 


¢ Power up circuit (system reset) 

° System controller software decodes system reset 
¢ System controller software decodes module reset 
¢ CPU software decodes module reset 
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RUN: This signal controls the start and stop sequence of the 
CPU clocks. In PIPELINE RUN mode, the start sequence 
generates the proper clock progression to fill up the pipeline 
registers, and the stop sequence empties the pipeline. RUN 
is externally manipulated to implement the single step and 
breakpoint functions. 


NPL: Used to select NONPIPELINED RUN vs. PIPELINED 
RUN modes, this signal must be set to the selected mode 
prior to activating the RUN signal. Setting NPL = 1 selects 
NONPIPELINED RUN mode, and NPL = 0 selects PIPE- 
LINED RUN mode. The single step function operates properly 
in NONPIPELINED RUN mode only. 


INTR: This signal indicates an external interrupt. When INTR 
is received, and IEN (interrupt enable, described below) is 
active, the CPU executes its interrupt handler. An interrupt 
inhibits the instruction register update clock (CLK_1B) and 
the ALU update clock (CLK_2B). CLK_1A for the interrupt 
instruction executes on the next cycle. The interrupt condition 
has priority over a wait condition and therefore starts gener- 
ating clocks to permit execution of the interrupt instructions. 


JEN: This interrupt enable signal qualifies INTR. IEN is likely 
to be a bit in the instruction word, allowing the user to define 
sections of uninterruptable code. 


WAIT: The wait condition is initiated when both WAIT and 
WEN (wait enable, described below) are active. The CPU re- 
mains in the wait condition until WAIT goes inactive. 


WEN: This wait enable signal qualifies WAIT for entrance into 
the wait condition. Like IEN, WEN is usually a bit in the in- 
struction word, allowing the user to define sections of 
wait-sensitive code. 


State Machine Partitioning 


When architecting a state machine, it is generally a good 
practice to break up large machines into workable blocks, with 
each of the smaller machines containing states that require 
common inputs and generate common outputs. The example 


En 
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clock state machine is small enough to be designed as a sin- RESET 

gle state machine, although it would be trivial to design logic (path from all states) 
to generate the free-running clocks as a separate machine 

from the rest of the clock state machine. Equations for the 

free-running clocks are: 


CLK_A := RESET e CLK_A 1 
CLK_B := RESET e CLK_A 
where “:=” indicates a registered output. 


By examining these output equations, you can see that the 
free-running clocks have only two dependencies in common RUN ¢ NP RUN ¢ NPL 
with the remaining portion of the clock state machine, i.e., 
RESET and STATECLK. The free-running clocks are required 


as inputs to the other state machine to synchronize the addi- y 
tional system outputs, however. TO PIPELINE MACHINE STATES 
The example presented here implements the free-running TO NONPIPELINE MACHINE STATES 


clocks and the other system outputs within the same state 
definition. The resulting output equations can be verified 
against the equations for the free-running clocks alone. 


The Initial Machine State FROM STATE B 


Regardless of the preferred state machine entry method, at- RUN ° NPL 
tacking the problem starts with defining the initial state of the 
machine. This initial state (INIT in the example) must be con- 
sistent with the power-on condition and/or an external input 
used to initialize the machine (RESET). 


The state of the machine can be decoded from the present 
values of the system outputs, state registers, or a combination 
of the two. (The advantages and disadvantages of the state 
definition options will be discussed in greater detail later in 
this application note.) The initial machine state is generally, 
but not always, a decode of all Os or all 1s. In the example 
design, INIT is the decode of all Os. 


Naming the States 


With the exception of INIT, each state in the example design 
is named to indicate the active system clocks occurring during 
that state. For example, during state A, only CLK_A is active. 
Similarly, state 123B has only CLK_1B, CLK_2B, CLK_3B, 
and CLK_B active. Additionally, an “N” suffix designates a 
nonpipelined state and a “W” suffix designates a wait condi- 
tion state; this convention differentiates between states with 
identical active system outputs. 


CPU Inactive States 


The RESET input causes the state machine to enter the INIT 
state from any state in the machine. From the INIT state, the 
machine unconditionally starts to generate the free-running 
clocks. As shown in Figure 3, a line pointing from the INIT 
state to the A state, with a path equation equal to 1, indicates 
an unconditional branch. The state machine progression con- 
tinues from the A state unconditionally into the B state. In the 
B state a multi-branch condition exists. If the RUN input re- 
mains inactive, then the A and B states continue to toggle, 
generating only the free-running clocks. Hence the INIT, A, 
and B states are referred to as “CPU inactive states.” 


Nonpipelined States 


If the NPL input is active while the RUN input becomes active, 
the state machine operates in NONPIPELINED RUN mode 
and follows the model portrayed in Figure 4. 


Figure 3. CPU Inactive States 


TO STATE A 


Figure 4. Non-Pipelined States 
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Pipelined States 


If the NPL input is inactive when the RUN input goes active, 
thus indicating PIPELINED RUN mode, the state machine op- 
erates as depicted in Figure 5. 


Unique States 


When the RUN input goes active, the next state executed is 
either the 1A or the 1AN state, depending upon the value of 
the NPL input (refer to Figures 4 and 5). Notice that the active 
system outputs in these two states are identical. Why gener- 
ate two identical states—when an additional state register 
might be required to differentiate between the states? (This 
assumes you use the system outputs to decode the ma- 
chine’s states.) The redundant states are not a problem be- 
cause the additional state register needed to differentiate be- 


sr NPL 
, INTR ¢ IEN 
N 
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tween the states is not an issue. There are two reasons for 


_ this. First, if you eliminate the redundant states, the state ma- 


chine would require at least one additional state register any- 
way to differentiate between the B and the BW or BWN states, 
which would be needed without 1A and 1AN. (Separation of 
states BW and BWN from state B is required for correct func- 
tionality.) Second, adding another state only increases the 
number of state registers if the new total number of states 
exceeds an additional binary boundary (2, 4, 8, 16,...). This is 
not a problem here. 


You might also choose to widen your state machine (increase 
the number of state registers) to reduce the number of prod- 
uct terms to the state or system output registers. This deci- 
sion should take into account the desired circuit implementa- 
tion (PLDs, PROMS, discrete hardware, etc.) and is often an 
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Figure 5. Pipelined States 
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iterative process. In general, you can initially architect the 
state machine in the manner that is the easiest for you to 
understand, then make additional changes or small adjust- 
ments later if they become necessary. 


State Description Verification 


Now that all the pieces of the state machine are functionally 
defined (refer to Figure 6 for the completed state diagram), 
consider methods for verifying the validity of the design. 
Some software you can use to describe and implement state 
machines would already offer verification at this point in a 
design. For other methods, read on! 


RESET 
(path from all states) 
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One way to verify a state machine design is to recognize a 
rule of thumb: Out of every state, there should be a state path 
to another state for every possible combination of relevant 
external inputs. For example, there are two paths out of state 
123B, with INTR and IEN as the relevant external inputs: 


Path 1 = INTR @ IEN 
Path 2 = INTR + INTR « IEN 


If there are no known restrictions on the external inputs, a 
simple method of verifying the above rule of thumb is to gen- 
erate an equation where all of the paths out of a state are 
ORed together as follows: 


RUN\) 


@) 


INTR * IEN 


WAIT e WEN 


RUN « 
(WAIT + 
WAIT « WEN) 


__L,  WNTR+_ 
INTR ° TEN 
RUN « 
(WAIT + 
WAIT ¢ WEN) 


*; 
WAI 


RUN ¢ NPL 


zCD 
Os ie! 


INTR + 
INTR * IEN 


Figure 6. CPU Clock State Machine 
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OUT_STATE_123B Path 1 + Path 2; 


OUT_STATE_123B = (INTR e TIEN) 
3 + INTR 
+ (INTR .« TEN); 
= QUT _STATE _123B ay 


If the equation’s terms equal 1 after Boolean reduction, then 
every state path out of the state is accounted for. The main 
advantage to this verification method is that you can easily do 
it using readily available Boolean reduction software. 


If there are known restrictions to the external inputs, you can 
use this information to reduce the complexity of the machine. 
If it is impossible for the INTR ¢ IEN condition to occur exter- 
nally, for example, then you can leave this condition out of the 
Path 2 equation. In that case, the reduction of the 
OUT_STATE_123B equation yields a non-1 result. 


Because the method of verification just described does not 
detect redundant path equations, it is useful to revise the orig- 
inal rule of thumb to: Out of every state, there should be one 
and only one state path to another state for every possible 
combination of relevant external inputs. . 


This revised condition is not as easily verified as the original 
statement. The easiest way to verify the more restrictive case 
is to simulate the state machine. To do this, you must generate 
a test vector for every possible external input that is relevant 
to each state simulated. Automatic test vector generation pro- 
grams are available that produce every possible combination. 
After running the vectors against the design, you must visually 
inspect the output to verify that the machine never enters an 
illegal state. 


System and State Register Output Generation 


The model defining the clock state machine is complete, but 
there are still quite a few important decisions to be made re- 
garding the final circuit implementation. Some of the major 
alternatives for final implementation are: 


¢ System output vs. exclusive state register state decode 
¢ D flip-flop vs. T flip-flop implementation | 
¢ PLD vs. PROM implementation 


To gain some insight into these choices, consider how the 
output or feedback equations are assembled. Take, for exam- 
ple, the generation of CLK_3A using a D flip-flop (FF) imple- 
mentation. By referring to Figure 6, you can find all the states 
in which CLK_3A is active. These are 123A, 3A, and 3AN. 
The CLK_3A output is generated by ORing the state decodes 
that, when ANDed with their respective state paths, advance 
the state machine into the three states listed above. Specifi- 
Cally: 


CLK_3A 


(Decode of 12B)+(INTR+INTReIEN) ;-123A 
+(Decode of BW) « (WAIT) ;-123A 
+(Decode of 23B)e(1) ;-3A 

+(Decode of 2BN)+(INTR+INTReIEN) ;-3AN 


When you define the state decodes, the CLK_3A equations 
are completely specified in terms of the state machine inputs 
(state path), state registers, and/or system outputs (state de- 
code). Typically, you then multiply the equation out to form a 
sum of products. This format provides for easy implementa- 
tion in a PLD, which has a sum-of-products architecture, and 
also provides a useful foundation for further equation reduc- 
tion. 
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State Decode 


As discussed earlier, the next state of the machine can be 
decoded from the present values of the system outputs, the 
state registers, or a combination of the two. The choice typi- 
cally comes down to weighing the maximum number of prod- 
uct terms verses the maximum number of flip-flops available 
in an implementation. For a Moore machine with registered 
system outputs, using the system outputs to uniquely define 
the states uses the smallest number of flip-flops to define the 
state machine. However, it is often necessary to add one or 
more state registers to uniquely define the states. 


State assignment for this state decoding method is quite sim- 
ple, but also rigidly defined, allowing limited flexibility when 
assigning the additional state registers. After reduction, the 
feedback and output equations of this “narrow” state machine 
might contain too many product terms to be implemented in 
a specific PLD, although product term complexity is never a 
problem with a PROM implementation. 


Exclusive State Registers 


Another consideration in state machine design is that you 
might be able to distribute the number of product terms more 
evenly among the equations implementing the state machine 
by using state registers exclusively to decode the states. Be- 
cause the state decodes in the state registers can be selected 
to assist in Boolean reduction, proper state assignment en- 
ables the more complex equations to fit into a specific imple- 
mentation. 


This type of decode is useful ina PLD implementation, where 
there is a shortage of product terms for a specific state 
flip-flop, but extra flip-flops are available. Adding an extra state 
register can simplify the decode logic enough to fit the design 
in a single PLD. 


The total number of exclusive state registers required to im- 
plement a state machine varies from a minimum of LOG(2)X 
(rounded up to the nearest integer) to a maximum of X, where 
X is the total number of states in the machine. You can itera- 
tively change this number, along with the state assignment, to 
obtain a suitable solution. 


The state assignment itself is a non-trivial issue, with almost 
limitless possibilities and no known method of obtaining the 
optimal solution. There are, however, some guidelines that 
can be used to obtain workable solutions: © 


1. Two or more states that potentially enter the same state 
with identical path equations should be adjacent (their bi- 
nary codes differ in exactly one position). As an example, 
refer to Figure 5. States 12B and 123B both proceed into 
state 1A if the path condition INTR ¢ IEN is true. When 
generating the CLK_1A equation, two of the terms of the 
equation look like this: 


CLK_1A 
(Decode of 12B) e 
(Decode of 123B) ° 


;-1A 
;-1A 


(INTR « TIEN) 


of (INTR « TEN) 


If the decode of 12B and 1238 differ in exactly one position, 
then Boolean reduction (which uses the AeB + AeB = B rela- 
tionship) converts the two product terms into one smaller 
product term. 


2. Two or more states that might proceed into different states 
with identical path equations, and an identical active out- 
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put, should be adjacent. This situation occurs in the previ- 
ous CLK_3A equation, shown again here: 


CLK_3A 


(Decode of 12B) ¢ (INTR+INTR-e TIEN) ;-123A 
+(Decode of BW) ¢ (WAIT) 3;-123A 
+(Decode of 23B)e(1) ;-3A 
+(Decode of 2BN)« (INTR+INTReIEN) ; -3AN 


Note that if states 12B and 2BN are adjacent, then you can 
reduce the CLK_3A equation to three product terms. 


Clock Generator Implementation 


As mentioned earlier, there are many ways to implement state 
machines. The following sections discuss some of the pros 
and cons associated with some of the more common state 
machine implementations. 

D Flip-Flop Implementation 

There are more products available that support a D flip-flop 
solution than any other implementation. Therefore, it is usu- 
ally the most cost-effective solution for a state machine. 
Table 7 lists the number of product terms per output obtained 
by compiling the clock generator state machine definition with 
the LOG/iC software, using D flip-flops. The compiler input file 
appears in Appendix A. Optimizing the design (Table 2) sig- 
nificantly reduces the number of product terms needed. 


Table 1. Non-optimized Results for Clock 
Generator: D Flip-Flop implementation 


Log/IC Optimization Summary (FACT) 


CPU Time Quota per Function: 100 sec 
P-Terms | CPU-Time 
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N: No Optimization 
T: Trivial Function 
FACT Minimization: 11 sec 
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Table 2. Optimized Results for Clock Generator: D 
Flip-Flop Implementation 


Log/IC Optimization Summary (FACT) 


CPU Time Quota per Function: 100 sec 


INV P-Terms 


CLK_1A.D 


CLK_1B.D 


CLK_2A.D 


CLK_2B.D 


CLK_3A.D 


CLK_3B.D 


CLK_A.D 


CLK_B.D 


QQ1.D 


QQ2.D 


” ” n ” ” ” ” 77) ” ” 


_ FACT Minimization: 29 sec 


T Flip-Flop Implementation 


Even though D flip-flop solutions are more widely available, 
there are times when the logic needed for this implementation 
is prohibitively complex. Under these circumstances, a T 
flip-flop implementation might be more cost effective, be- 
cause using T flip-flops reduces the logic significantly. 


The best example of this situation is a simple synchronous 
binary counter. While the most significant bit (MSB) of an 
N-bit counter in a D flip-flop implementation requires N prod- 
uct terms, the T flip-flop solution requires only one product 
term. Note that the Cypress family of CY7C33x devices offers 
you a configurable T- or D-type implementation if you place an 
XOR gate prior to the D flip-flop; route the AND/OR array to 
one of the XOR’s inputs and the flip-flop’s Q output (via an 
additional product term) to the other XOR input. 


It isn’t clear from simple observation, however, whether the T 
flip-flop implementation is beneficial for the clock generator 
state machine. One way to clarify this question is to change 
three command lines in the state machine description shown 
in Appendix A and recompile to produce a T flip-flop imple- 
mentation. Table 3 contains the product term results using T 
flip-flops. A quick study of the results reveals that the opti- 
mized version using D flip-flops (Table 2) requires fewer prod- 
uct terms than the.T flip-flop version. 


Table 3. Optimized Results for Clock Generator: T 
Flip-Flop Implementation 


P-Terms U-Time 


CLK_1B.T 
CLK_2A.T 
CLK_2B.T 


_INV | 
sac sa 
Yes a aa 
|_No | ead 
Yes td 
[No | a 
= 
| No ie eae 
Yes eae as 
CLK_3A.T | No | a 
ae 
|_No | eee! 
Yes 
| No | 
| No | 
Yes 
— 


pags | 

ae 

Le 
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a 

end 

aa 
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ed 

aa 

= 
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CLK_B.T 


PLD Implementation 


With the LOG/iC PLD Database option, the software assists 
in selecting a PLD, and it shows that the non-optimized ver- 
sion of the clock state machine fits in a PALCE22V10 without 
further reduction. If the equations are reduced using Boolean 
reduction, however, a lower-cost solution is available. The re- 
sults shown in Table 3 indicate that the less expensive 
PLDC20G10 would work. Appendix A shows the listing for the 
20G10 LOG/iC implementation. Waveforms for the completed 
design appear in Appendix B. You can verify the CLK_A and 
CLK_B equation results against the equations generated in 
the State Machine Partitioning section of this application note. 


PROM Implementation 


You can obtain very high speed solutions By implementing 
state machines using PROMs. A PROM uses a look-up table 
to decode the machine’s next state, as opposed to the 
AND/OR array in a PLD. The main advantage of using a 
look-up table to decode the next state is that every. combina- 
tion of the inputs can be decoded. Thus, you can create an 
extremely complex machine, without equation reductions. 


The look-up table’s drawback is that the PROM’s depth grows 
exponentially (2N, where N = # of inputs to the look-up table) 
with every additional input to the look-up table. To determine 
the depth required, notice that the present total input vector 
provides the inputs to the look-up table. The clock generator 
state machine has seven external inputs, six system outputs, 
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and two state outputs, which indicates a feasible implemen- 
tation using the CY7C277 (32K x 8) registered PROM. 


Using a registered PROM such as the CY7C277 to implement 
the machine also helps to reduce the parts count, because 
the PROM implements both the state and system output reg- 
isters. LOG/iC offers support for implementing state ma- 
chines in PROMs, and only a few minor changes to the state 
machine description shown in Appendix A are required. 
*PROM replaces the *PAL command, some simple state- 
ments indicating the CY7C277 architecture (INPUTS = 15 
AND OUTPUTS = 8) replaces the TYPE = statement, and 
PROGFORMAT = INTEL—HEX. 


Reference 


1. Donald D. Givone, Introduction to Switching Circuit Theory 
(New York: McGraw-Hill, Inc., 1970) 
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Appendix A. LOG/iC PLD Source Code: Clock State Machine 
LOG/iC-PAL Rel 3.2/2-2328-1721/00034 #32-5955 90/03/15 23:49:45 
LOG/iC - COPYRIGHT (C) 1985,1988 BY ISDATA GMBH, 7500 KARLSRUHE WEST-GERMANY 
Cypress Semiconductor LICENCE FOR IBM-PC/XT/AT 
Data Set: OD20G10.DCB 
1 1: *IDENTIFICATION 
Z 2: PIPELINED CLOCKING SYSTEM OD20G10 
3 Se BREC By ROSS 
4 4: CYPRESS SEMICONDUCTOR 
5 5: NAMING CONVENTION 
6 6: OD = SYSTEM OUTPUTS ARE DFLOPS AND ARE USED FOR STATE DEF 
7 ve 20G10 = PALC20G10 IMPLEMENTATION 
8 8: *PAL 
9 9: TY PE=PALC20G10 
Oo ek, 20 
11 11: *X-NAMES 
12 I 12: ;----------------------~-----------------------------+------------ +--+ --- 
13 I 13: ;INPUT DEFINITIONS 
1a. «aso ss RUN = START & STOP EXECUTION OF OUTPUT CLOCKS (NORMAL, SINGLE 
i Ob > Ee ame se STEP, & BREAK PT. EXECUTION 
de, 16: ; NPL - PIPELINED VS NON-PIPELINED MODE OF EXECUTION 
uy ge Mae ; INTR = EXTERNAL INTERRUPT CONDITION (TLB MISS, PARITY ERROR,...) 
Le: 1. she 2 SEN = INTERRUPT ENABLE 
19 I 19: ; WAIT = WAIT ENABLE (CACHE MISS) 
20 I 20: ; WEN = WAIT ENABLE 
21 Io 21: jroo nn eee re eee 
Ze ules 2S: 3 
25 23% RUN, NPL, INTR, IEN, WAIT, WEN, RESET; 
24 I 24 
25 25: *Z-NAMES 
26 Il 26: j;------------ 3-3-9 eo 
27 I 27: ;OUTPUT DEFINITIONS 
Zo TL 2Be 
29 I 29: ; 3 CLOCK STAGES 1, 2, 3 
30 I 30: ; 2 CLOCKS PER STATE A, B 
Slo 2a CLK_XX WHERE XX = 1A,1B,2A,2B,3A,3B 
ae L B2e -s 
33 I 33: ; 2 FREE RUNNING CLOCKS 
SA 3a CLK -A, CLR 8 
Sort “35.4 
36 I 36: ; ADDITIONAL REGISTERS FOR STATE DEFINITION 
BH Bes 001, QQ2 
38 I 38: ;----------------- ee ee ee eer ee 
Sovik “FOe «3 
40 40: CLK_1A, CLK_1B, CLK_2A, CLK_2B, CLK_3A, CLK_3B, CLK_A, CLK_B, 001, 002; 
41 I 41 
42 42: *Z-VALUES 
43 I 43 
Af. @Qase 3S ADDITIONAL OUTPUTS 
451. 45%: + SYSTEM OUTPUTS FOR STATE DEFINITION 
26. AG 3 
AT i £72-3 
46° T° &2Bs5 3 Oa Oar Oar Gay 2 Came Orme &: QQ 
49 I 49: ; Cine ks §2OcO 
BOE 502% KK KKKKKK LZ 
Bile ae ules: «3g Lo a 2s os eB 
B82. I. b2¢ 3 ABABAB 
Doak, Joss 
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54 bas OSI. sO O00 0.0! 100. <0 - - ; INIT COMMON STATES 
55 55+ 62> =O 0-0. 0.0 0.1.0 0 - : SA - INACTIVE 
56 562 63. 2°00. 0-0:.0° 0: 0-0: 4 0 - ; SB MODE STATES 
Bee a. ae 

58 58: S4 21°90 00-0 0. 1:0 - 0 ; SIA PIPELINE STATES 
59 bose (S55 oe) a0: 20.20) «0: Oo - 0 ; S1B 

60 60: S6 =103100010 - - ; S12A 

61 Ghee. OP °S Ob Oe Gite ord - - : §$12B 

62 62ie- Se Sul Od: Okc 1 - - e-bay 

63 63%. 89 2:0) 2.0.2 Ook. Oe - - ; $123B 

64 642. S10 & 000120). Oo A Ok - - ; S23B 65 65% <Sd HOO. 0-0-2 0 0 - 0 
66 665 -G12-=2-0°0 0.0:-0 1:°0 2 - 0 ; S3B 

67 6ie “B13 -e 00 OOO O:-0°4: 2 10 ; SAW 

68 683° “CLA = 0-0-0. OO Gt LO ; SBW 

69 I 69: 

70 FO S1i5-s 2-0 0:0 0 @°21.:0 - 1 ; SLAN NON-PIPELINE 
ak Tee. 6 ce A 305 3, OP a - 1 ; S1BN 

2 You SS Oe 0 Oe SEO - - ; S2AN 

73 73? S182 0-0 0. 0:0 0-2 - - ; S2BN 

74 Tae (S19 =O 020-0 2 0 L-8 - 1 ; S3AN 

75 758. “$20 =.0.-.0) 0-00 (2.0: 1 - 1 ; S3BN 

76 16% ‘$24.2. 070- 0° 0. 0° 0-2-0 a ee ; SAWN 

TL Tis, “G22 20) O30 0-0: 0-0" Ft BL ; SBWN 

78 I 78: 

719 79: *STRING 

80 80: INIT aE ; COMMON STATES 

81 81: SA ae : -INACTIVE MODE 

82 82: SB =3 : STATES 

83° ck. 83% 

84 84; S1A aed : PIPELINE STATES 

85 85: S1B a: 5 ; 

86 86: S12A =0.6 : 

87 87: $12B ae | : 

88 88: S$123A es: : 

89 89: S$123B a9 : 

90 90: S23B rae ; 

91 91: SBA ae ; 

92 92: S3B = 12 : 

93 93: SAW SS : 

94 94: SBW ee : 

95 I 95 

96 96: S1AN 25 : NON-PIPELINE 

97 97: S1BN a 3 ; 

98 98: S2AN = V7 : 

99 99: S2BN = 1S ; 

100 100: S3AN = ui ; 

101 101: S3BN = 20 ; 

102 102: SAWN = 21 ; 

103 103:  SBWN 122 : 

104 104: LASTSTATE = 22; 

1G So 3 705 

106 106: *FLOW-TABLE 

107 LOTS: 14 


109: ;RESET STATE 
110: ;ALL STATES MUST RESET TO THE INITIAL STATE (ALL OUTPUTS REGISTERS 0) 


111 I 111: ;AN ACTIVE RESET INPUT. SINCE THE 20G10 HAS NO GLOBAL OR INDIVIDUAL 

112 I 112: ;RESETS TO THE OUTPUT REGISTERS, RESET TO INITIAL STATE MUST BE EMBEDDED 
113 LI 113: ;INTO THE STATE MACHINE 

114 1 114: ; 
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued) 


as Be 115: RELEVENT = RESET ; 


116 116: S[1..’LASTSTATE’], X 1 , F ‘INIT’ ;ALL STATE > INIT UPON RESET 
117 138: RELEVENT = RESET = 0 ; 

118 I 139: ; 

116: AE AO s: eecoone sees ase Sees ea tGG ae Seek cats Be oie eee te ee eee et ee 


120 I 141: ;INACTIVE MODE STATES 
Lok 142: RELEVANT = RUN, NPL ; 


122 143%. 5S: -CI NET foe oS , Ew “SA* ; INITIAL STATE AFTER RESET 
123. 3b AAs 

L224 145% 5) SA , & o> x ho SB ; INACTIVE MODE STATE, ONLY 
125 I 146: 

126 147: S ‘SB’ , & OO - po “OSA ; FREE RUN CLKS A & B ARE ACTIVE 
127 148: me ok , F 'S1A’ ; PIPELINE VS. 

128 149: p cael ewe rp FE * SIAN’ ; NON-PIPELINE DECISION 

129 F 150: 

130 I 151: ;----------------------------------------------------------------------- 
131 2 152: ;PIPELINE MODE STATES 

132 ot ASS 

a oS 154: RELEVANT = INTR, IEN ;*PRIMING THE PIPELINE* 

134 155: S ‘SlA* Ak = : BE tSLiB : 

135 1 Ses 

136 Le Ss S18! , xX - - , F 'SI2A'  ; 

137-1 158% 

138 159% °S ' SiL2ZA" , xo - 2 EF 7 SL2ZB" 

LS? 2s GOs 

140 Lode GF SI 2B pe ee , F ‘S1A’ ; INTERRUPT CONDITION ? YES 
141 Loe xX 1 0 , Yo “SBlZBA* .3 NO 
142 L633 xX 0 ick “Si23A" .= NO 
L432 2 164: 

144 165: RELEVANT = RUN, INTR, IEN, WAIT, WEN; *FULL PIPELINE* 

145 166: S ‘'S123A’ , X---4141, F ‘SBW’ ; WALT CONDITION 

146 Gd: X 0 --0- , F ‘'S23B’ : /RUN COND., EMPTY PIPELINE 
147 168: BO) Soe. O35 oF S238? : /RUN COND., EMPTY PIPELINE 
148 169% X 1--0- , F ’8123B’ : RUN CONDITION 

149 RI AGE- XL ee DO BFP S123B" ; RUN CONDITION 

L150: <b 2713 

151 L723 8S §Si238" , &-11--, F ‘SIA’ ; INTERUPT CONDITION 

Loe HBR hc X - 0 - - - , F ’S8123A’ ; RUN CONDITION 

153 Eyes X- 10-- , F ‘'8123A’ ; RUN CONDITION 

Loa. LS 

i Bese 176: RELEVANT = RUN ; *EMPTY PIPELINE* 

156 Ls Sb PS25 RB! , xX - yo SSSR? : 

TEP oh, “ere 

158 LTOe: 6 S38 k! , x - 7 ee S38 B* ; 

159 I 180: 

160 181: S ‘'S3B’ i hae poe PBA : BACK TO INACTIVE STATE 
161. Tt 182 

162 183: RELEVANT = WAIT ; *PIPELINE WAIT STATES* 

163 184: S ‘'SBW’ 4 ee , F ‘SAW’ : WALT 

164 Le 5:2 xX 0 hike HK Sle |e /WALT 

165 I 186: 

166 187: S ‘SAW’ , xX - , F ‘SBW’ ; 

167 <i 168% 

168 I 189: ;-------------------------------------------------- = - 
169 I 190: ;NON-PIPELINE MODE STATES 

LO). te os 

Aes L92% StS LAN? oe = , F ‘S1BN’ : 

ho dO 2 
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued) 


S SS LBN’ po Se , F ‘'S2AN' ; 
RELEVANT = WAIT, WEN ; 
S ‘S2AN’ ff de od , F ‘SBWN’ ; WAIT CONDITION 
xe Ute pF 'S2BN* ; /WAIT CONDITION 
X 10 , F ‘'S2BN’ ; /WAIT CONDITION 
:180 201: RELEVANT = INTR, IEN ; 
S: *“S2ZBN’ ee eis Ak ¢oF. {STAN* ; INTERRUPT CONDITION 
x0 = , F ‘S3AN’ ; /INTERRUPT CONDITION 
A.1--0 , F ‘S3AN’ ; /INTERRUPT CONDITION 
RELEVANT = RUN ; 
S ‘S3AN’ re? a poe SSRN 
5S * S3BN’ ped pi HS ANY: 33 
xX 0 , EF ‘SA’ ; BACK TO INACTIVE STATE 
RELEVANT = WAIT ; *NON-PIPELINED WAIT STATES* 
S ‘SBWN’ ped , F ‘SAWN’ ; REMAIN IN WAIT 
X 0 , F ’S2AN’ ; END OF WAIT CONDITION 
S ‘SAWN’ ee. , F ‘SBWN’ ; REMAIN IN WAIT 
*STATE-ASSIGNMENT 
Z-VALUES 
*PIN 
STATECLK = 1;..RUN = 2, NPL = 3, INTR =: 4, TEN = 5; WALT. = 6; WEN =-7; 
RESET 6). GUR-1A- =] 18) CLR 1B iS a5) CLR 2A. S06, CLR 2B = Ly, 
CUR..3Ay = 18 (6 “CLR 3B. => boy CLK Al Sr20> CLR B S24 -OOl = 22, O02: = 23% 


*RUN-CONTROL 


PROGFORMAT= L-EQUATIONS 
OPTIMIAZATION= P-TERMS; 


173 194: 
La > LOS 
175 196: 
176 197: 
177 198: 
178 199: 
179 I 200 
181 202% 
182 203% 
183 204: 
184 I 205: 
185 206% 
186 207: 
187 I 208: 
188 209: 
189 210: 
190 I 211: 
191 212: 
192 2136 
193 214; 
194-7 215% 
195 216: 
196 I 217: 
197 218: 
198 219: 
199 I 220: 
200: 24 
201 222% 
202 223: 
PAGE: 223% 
204 223% 
205. 224% 
206 2253 
207 226: 
208 Zots 
209 228% 
210 2295 


* END 
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued) 


LOG/IC SYMBOL TABLE 


SYMBOL TYPE 


D 
C LOCAL 
N X-VARIABLE 
L X-VARIABLE 
X-VARIABLE 
N X-VARIABLE 
X-VARIABLE 
EN X-VARIABLE 
Q1 
Q2 


HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 
HIGH 


[eae 
cee (use 
oy! 

eae 
ees 
a 


N 
C 
RU 
IE 


WAIT 


CLK_1A X-VARIABLE 


CLK_1B X-VARIABLE 
CLK_2A X-VARIABLE 


CLK_2B X-VARIABLE 


CLK_3A X-VARIABLE 


G 
V 
RESET X-VARIABLE 
CLK_3B X-VARIABLE 


HIGH 
HIGH 
HIGH 
HIGH 


CLK_A X-VARIABLE 
CLK_B X-VARIABLE 


Q 
CLK_1A.D Z-VARIABLE 


DFF HIGH 


Z-VARIABLE DFF | HIGH 
Z-VARIABLE DFF | HIGH 
Z-VARIABLE DFF | HIGH 
Z-VARIABLE DFF | HIGH 
Z-VARIABLE DFF HIGH 
Z-VARIABLE DFF | HIGH 


CLK_B.D Z-VARIABLE DFF | HIGH 
DFF 


QQ1.D Z-VARIABLE 


HIGH 
HIGH 
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued) 


FUNCTION TABLE (INCLUDING LOCAL VARIABLES) : 


0000 1010 
0000 1010 


5-96 


116 
143 
117 
145 
118 
147 
148 
149 
119 
155 
120 
157 
121 
159 
122 
161 
162 
163 
123 
166 
167 
168 
169 
170 
124 
172 
173 
174 
125 
LTT 
126 
179 
137 
181 
128 
187 
129 
184 
185 
130 
192 
131 
194 
132 
197 
198 
199 
133 
202 
203 
204 


0101 0 
0101 0 
0010: 1- 
0010 1 
O00) 1 
0001 0 
0001 011 


0000 
0000 
0000 
1000 
0000 
0000 
0000 


0000 
OLG1 
0000 
0010 
0010 


0000 


0001 


ae eee 
Vahe. Seec 
re ed 
Eos he 
REST 

1234 5678 


RNNI AWS_ 


11; 


MAAN HN SPWN EP 


52 / 
pews 
54/ 
Do 
56/ 
Oy. 
58/ 
a7 
60/ 
61/ 
62 


TABLE (LOCAL VARIABLES REMOVED) : 


COCC CC 


LLLL LLCC 
KKKK KKLL 
Jele, ch OO 
EE22 233<—, OO 
ABAB ABAB 12 
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134 
209 
£35 
209 
210 
136 
216 
L337 
213 
214 


EXPANDED FUNCTION TABLE 
See ee 01 0000 010- 
See aS LO: 1000: 001- 
Pi. ao 00: LUOO OOL-= 
aS LQ 0100 010= 
ai LOO LO0. 01 0= 
See OOO. 100 ao 
ene 1TO00 OL00 i010 = 


aSas aH 10 0010 001- - 


SS i=00 00L0' 001 
20> o=00. GU10 OO k= 
S=0. -=00° 0070~:001-- 
PAS ee 10 0007 010- 
Se) Se 00 0001 010- 
TO, ae 1710-20000) TOT 
Ley a 00,0000. 01+ 


Q 
2 DDD DDDD- DD 
- 0000 0000 --; Ly 
a 0000 0010 0O-; oY 
= 0000 0000 --; 3/ 
- 0000 0001 O-; 4/ 
. 0000 0000 --; 5/ 
7 0000 0010 O-; 6/ 
- 1000 0010 -0; 7/ 
- 1000 0010 -1; 8/ 
0 0000 0000 --; 9/ 
0 0100 0001 -0; 10/ 
0 0000 0000 --; 11/ 
0 1010: 00 LO -s<5 12y 
: 0000 0000 --; 13/ 
- 0101 0001 --; 14/ 
Z 0000 0000 --; 15/ 
. 1000 0010 -0; 16/ 
- 1010 1010 --; 17/ 
~ 1010 1010 --; 18/ 
= 0000 0000 --; 19/ 
~ 0000 0001 10; 20:7 
- 0001 0101 --; 217 
- 0001 0101 --; 22} 
- 0101 0101 =-; 23/ 
- 0101 0101 --; 24/ 
- 0000 0000 --; 25/ 
as 1000 0010 -0O; 26/ 
- 1010 1010 --; 27/ 
~ 1010 1010 --; 28/ 
- 0000 0000 --; 29/ 
- 0000 1010 -O; 30/ 
0 0000 0000 --; 31/ 
0 0000 0101 -0; 32 / 
0 0000 0000 --; 33/ 
0 0000 0010 O-; 34/ 
0 0000 0000 --; 35/ 
0 0000 0001 10; 36/ 
0 0000 0000 --; Sy 
0 0000 0010 10; 38/ 
0 LOLO: 1010) =": .. 39/ 
i 0000 0000 -- A0/ 
(LOCAL VARIABLES Sete 
1 0100 0001 -1; 41/ 
1 0000 0000 --; A2/ 
1 0010 0010 --; 43/ 
- 0000 0000 --; °#£44/ 
- 0000 0001 11; A5/ 
“ 0001 0001 --; A6/ 
- 0001 0001 --; A7/ 
0000 0000 --; A8 / 
= 1000 0010 -1; A9/ 
- 0000 1010 -1; 50/ 
Z 0000 1010 -1; 51/ 
1 0000 0000 --; 52/ 
1 0000 0101 -1; 53/ 
i 0000 0000 --; 54/ 
1 1000 0010 -1; 55/ 
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116 
143 
day 
145 
118 
147 
148 
149 
it9 
155 
120 
ies | 
12d 
159 
L22 
161 
162 
163 
Ee AS 
166 
167 
168 
169 
170 
124 
i a 
13 
174 
125 
A a 
126 
a gS 
27 
181 
128 
Loe 
£29 
184 
185 
30 


continued : 


[92 
ou 
194 
LZ 
Lay 
198 
199 
133. 
202 
203 
204 
134 
207 
£35 
209 


| 


/ 
te 


| 


a 
() 
< 
aU 
Dd 
= 
de! 
wy 


90/ 


-~-00 0000 
~-10 0000 
--00 0000 
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LO1= 
OL07 
0101 
0011 


PREP RP PE 


0000 
0000 
0000 
0000 


0010 
0000 
0001 


5678 9012 3456 7 
PIPELINED CLOCKING SYSTEM OD20G10 
CYPRESS SEMICONDUCTOR 


1234 


03/15 


23:49:45 


1234 


: 56/ 
: owas 
: 58/ 
: 59 / 
: 60/ 
: Ce 
: 62 


RKEEKKEKEKKK KEKE KKK K KKK KEKE KEK KKK KEKE KEK KKK KKK KKK KKK KEEKEEK 


NET DESCRIPTION TABLE FOR AND/OR STRUCTURE *** 
ee ee ee ee ee ee ee 
CCCe Ce 

LLLL LLCC 
KKKK KKLL 
pe RK OO 


K*k* 


WA 22. 83.2) 00 


ABAB ABAB 12 


DDDD DDDD DD 


enccee..¢ 
RL LLLL LCC 
I W EK KKKK KUL 
RNNI AWS_ _KKQ Q 
UPTE IEE1 1223 3__0 0 
NLRN TNTA BABA BAB1 2 
Hehe “Q=0S220= "0-17, 0 
[see +505 4805 1=-=04 
---- =+Q- 1--+ ---- 0 
Se ie 
SoS O te ee 
1--- --0- 0-0- 0-10 - 
Seactoe G4; 2 a0hesen 2 
hoes S001) tees Seo - 
Rese 050) Sane ete - 
SneiQaOe, ee anes e 
S602 0> es eee 
mee OOo so) Oia ve 
tama ouoe. as acess 
Stem ds 0e oles -aese = 
Snide: S00 ieee = 
Ot 2120: seek. + 
o0 =202 eats Sos5. = 
w0e: a0 5 eels Sass. & 
stan 4404 0-14 1--- < 
a=-= 0-05 0-0- 0-11 0 
seed Q4Q- +-=1 <455 
Haak 600+ See] Hes. 3 
S2Ee Soi s0a gaee = 
Sass, See eee 20eeS & 
eet ae --Q- meshentins Ss -i[-- - 
eotis “acs! ce ee) ee eee -1-1 A 
wa-- anon +--- 0-11 - 
Picihnk> Ghee, Boek peters s, be 
Moe Bete Behe Yess a 
Seg are G=i= 05-4 
Siege pall Co eos, aces ras 
ee ee eel 
~1-- ---0 0--0 0--0 - 
Stee Base 0045 O=-1 4 


pe Se ee 


> DD D- 


D> bb bb: 


WmMANAAM PWN EP 
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216 
L337 
213 
214 


Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued) 


1234 5678 9012 3456 7 1234 5678 90 
PIPELINED CLOCKING SYSTEM OD20G10 
CYPRESS SEMICONDUCTOR 
YOPO3S71L5* 23249245 


KKKEKKKEKKEKKEKEKEKKKEKEKER KEKE KKK KEK KEKE KKK KKK KEK KKK KEKE KR KKKKEKEKKEKEKKE 


BOOLEAN EQUATIONS 


KREKEKKKKEKRKEKKEKKKEK KERR KE KKEKKEEKRE KR KEKE KR KEKE KEKRKRKEKEKEKRKKKEKKEKKEEKSE 


kk* KK* 


CLK_1A.D = 
/WALT & /RESET & /CLK_2B & /CLK_3B & CLK_B 
& QQ1 & /QQ2 
+ RUN & /RESET & /CLK_2B & CLK_3B & QO2 
+ /RESET & CLK_1B & /QQ2 
+ /RESET & CLK_1B & CLK_2B 
+ INTR & TIEN & /RESET & CLK_2B & /CLK_3B + RUN 
/CLK_1B & /CLK_2B & /CLK_3B 
& CLK_B & /QQ1 ; 
CLK_1B.D := 
/RESET & CLK_1A & /CLK_3A 
+ RUN & /WEN & /RESET & CLK_1A 
+ RUN & /WAIT & /RESET & CLK_1A ; 
CLK_2A. := 
/IEN & /RESET & CLK_1B 
+ /INTR & /RESET & CLK_1B 
+ /WAIT & /RESET & /CLK_2B & /CLK_3B & CLK_B 
& QOO1 
+ /RESET & CLK_1B & /CLK_2B ; 
CLK _2B.D := 
/WAILT & /RESET & CLK_2A 
+ /WEN & /RESET & CLK_2A 
+ /RESET & CLK_1A & CLK_2A & /CLK_3A ; 
CLK_3A.D := 
/ LEN & /RESET & CLK_2B 
+ /INTR & /RESET & CLK_2B 
+ /RESET & /CLK_1B & CLK_2B ~& CLK_3B 
+ /WAIT & /RESET & /CLK_1B & /CLK_2B & /CLK_3B 
& CLK_B & QOQ1 & /QQ2 : 
CLK_3B.D — 
/WALT & /RESET & CLK_3A 
+ /WEN & /RESET & CLK_3A 
+ /RESET & /CLK_2A & CLK 3A ; 
CLK_A.D .= 
/RESET & /CLK_A ; CLK_B.D := 
/RESET & CLK A ; 
QQ1.D := CLKA & QQ1 
+ /CLK_3B & CLK_B & QQ1 
+ CLK_2A : 
QQ02.D := /CLK_2B &  CLK_3B 
+ /CLK_1B & CLK_2B & /CLK_3B 
+ /CLK_1A & CLK _2A 
+ /CLK_2A & CLK_A & QQ2 
+ NPL & /CLK_1A & /CLK_1B & /CLK_3A 
& /CLK_3B & /QQ1 
+ /CLK_1B & /CLK_2A & /CLK_3B & QOL & QQ2 ; 
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued) 


PIPELINED CLOCKING SYSTEM OD20G10 
CYPRESS SEMICONDUCTOR 
90/03/15. 23:49:45 


PLDC20G10 


STATECLK @vcc 
RUN QQ2 
NPL QQl1 

INTR CLK B 
IEN CLK_A 
WAIT CLK_3B 

WEN CLK_3A 
RESET CLK_2B 
@09 CLK_2A 
@10 CLK_1B 
@11 CLK_1A 
@GND | @OE 
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued) 


PIPELINED CLOCKING SYSTEM OD20G10 
CYPRESS SEMICONDUCTOR 
90/03/15. 23:49:45 


FPA OHH PHN 


CLK_B 
TEN CLK A 
WAIT CLK 3B 

PLDC20G10 =: 
CLK_3A 
LCC 
WEN CLK 2B 
RESET CLK _2A 


12 13 14 15 


@ @ @ @ @ c 

0 11 iG L 

9 0 1 N E K 
D 

1 

A 


Bel ACO 
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Appendix A. LOG/iC PLD Source Code: Clock State Machine (continued) 


PIPELINED CLOCKING SYSTEM OD20G10 
CYPRESS SEMICONDUCTOR 
90/03/15... 23249-45 


ArOARMArPHN 


N10 OO 


INTR QQ1 
IEN CLK B 
WAIT CLK_A 
PLDC20G10 
WEN CLK_3B 
PLCC 
RESET CLK_3A 
@09 CLK_2B 
CLK_2A 


15 16 17 


LOG/1C - PAL CPU TIME USED: 45 SEC 
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Appendix B. LOG/iC Simulation: Clock State Machine 


PIPELINED CLOCKING SYSTEM O0D20G10 3/7/90 


1m wm Mm x 
>re) Aro 
woe, AO 
->Nnl ARO 
onl Aen 
wl AY 
wwii Arn 


Arn 


Fl | 


Arn 
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a O-1 0-1 O-1 O-1 O-1 O-1 O-1 : O-1 0-1 O-1 O-1 O-1 O-1 O-1 O-1 


0 


Top of trace buffer 


tom] 

Q 

ee 
rs 
° 


nea 
m 
oe 

* of 6 


OKO MDMOWOBHDDNVNYNAADUUUEB RS WWWNHNNWWWNNNP PPP Pe ei 
bad o-_ 
ras) rar) 
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Appendix B. LOG/iC Simulation: Clock State Machine (continued) 


PIPELINED CLOCKING SYSTEM 0D20G10 3/7/90 


Arn 
arn 
arn 
Ara 
Arn 
Arm 


edo < ff 

eevee y 

rou = 

y 9 le ee - 

es > 

3m wit x 
Aron 
Arn 


R I W 
U E E 
N N N 


NI 
ww 
> wl 
ww! 


>I 
we | 
>I 
oo | 


ee ce ee ee, ee ee tt O-1 0-1 0-1 0-1 O-1 O-1 O-1 : O-1 O-1 O-1 O-1 O-1 O-1 0-1 0-1 O 


15 pati 
15 Ic 
15 IU 
16 IU 
Ic 
16 IU : ord . : : 
17 IU: os . . . 
17 Ic 2 “3 . . . 
17 IU : a : ‘ , 
TU : ee . . : 
18 i: a . . : 
18 IU: -t . . ‘ 
19 IU: oa . . . 
19 Cc: et . . a 
19 IV: “3 , . * 
20 IU : rs . . : 
20 IC.-% 23 : ‘ : 
IU : —s , : : 
21 Iu : “3 : . . 
21 Ic: oa . . . 
21 Iv : -3 . . . 
22 IU: “t , . . 
22 IC : oa . , : 
22 IU : a . . : 
23 1U : ot . . . 
Ic * 7 * e . 
23 15 1U 
24 15 1U . 
24 15 IC 


_ 
On 

bp pe 

eoaoonete nv vo 


ry 
ie 2) 
>) p> pe 
pe 


w 

o 
awe 
WwewwWwnNDN Ww www YW NY & 


24 161U: 
25 161U: 
25 161C: 
25 17 1U : 
26 17 1U : 
26 17 IC: 
26 18 IU : 
27 18 1U : 
27 18 IC: 
27 19 IU: 
28 19 IU : 
28 19 IC : 
28 20 IU : 
29 20 IU : 
29 20 1C : 
29 15 1U : 
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Appendix B. LOG/iC Simulation: Clock State Machine (continued) 


PIPELINED CLOCKING SYSTEM 0D20G10 3/7/90 


oe petty 


Zzawn 
AyaZze 
Hw <x 


N I 
P E 
L N 


W 
E 
N 


sm wi oi ww 


Aron 
Ara 
Aron 
arn 


Pall | 
mW mj 

Ni 
wow Ni 


Aron 

arn 
arn 
arm 


> wi 
ww 
>| 
wi 


“ag: eats Vn We a as Gk ak Ge del GP af. aot ape fel ve : 
Ic : 
IU : 
IU : 
iC = 
IU : 
Iw: 
Ic : 
Iv : 
Iv : 
IC : 
IU : 
Iv: 
iC? 
Iv : 
IU : 
Le. 
IU : 
IU : 
Ic ;: 
WU : 
Ww : 
1 
IU : 
IU : 
Ic : 
IU : 
IU : 
Cc: 
IU : 
IU : 
Ic : 
IU : 
IU : 
[Cs 
IU : 
IU : 
IC : 
IU : 
IU : 
Le 
IU : 


0-1 0-1 G-1 0-1 O-1 0-1 0-1 


. 
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Appendix B. LOG/iC Simulation: Clock State Machine (continued) 


PIPELINED CLOCKING SYSTEM 0D20G10 3/7/90 


Cc <<. ¢ c€ c: .& 
E S$ R L bc & iL ub LC C 
vt I W E K K K kK K. xX Fo .L 
e a R N WN I A W S&S re cea . . kK kK 
n t U P T &E I E & 1 12 2 2 S. S8 ee ue 
toe N L R N T WN T A B A B A B AB 


# 8§=6¢t O-1 O-1 O-1 O-1 0-1 O-1 0-1 : O-1 O-1 0-1 O-1 O-1 O-1 G-1 0-1 O 
44 2I1u: . : 
44 2IC : 

44 3 IU : : 

45 3 1U : 

45 3 1C : 

45 4 1U : : 

46 4 IU : . : : 
46 4 IC: * 

46 S IU : . . 

47 5 IU : : . 
47 5 IC : * 

47 6 Iv : - - 

68 6 IU : * 

48 6 1c: . . 

48 7 IU: , . : . . 
49 7 IU: . : 

49 7 1C.% . : 2 . . 
49 BIU: : ; . . 
50 8 IU: . ‘ . . ‘ 

50 8 IC: 

50 9 IU : 

51 9 IU: 

51 9 IC 

51 8 IU : 

52 8 IU : : 

52 BIC: : 

52 9 IU : . 

53 9 IU : . . 
53 9 IC : : : 

53 4 IU : . 

54 4 1U : ° : 
54 41C : * 

54 5 IU: * me 
55 5 IU : a ‘ 
55 5 IC : ° . 

55 6 1U: . 

56 61U: 

56 6I1C: 

56 7 IU : 

57 7 IU : 

57 7 1C: 

57 8 IU : 

58 8 IU : 

58 BIC: 

58 9 IU : 

59 9 IU: . 

59 9Q9IC: 
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Appendix B. LOG/iC Simulation: Clock State Machine (continued) 


PIPELINED CLOCKING SYSTEM 0D20G10 


ed 
See emeanvvnwv ee © 


> 
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L 
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N 
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O-1 O-1 O-1 O-1 O-1 ee ee tee ee ee, ee ee ee 0-1 


* 
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Appendix B. LOG/iC Simulation: Clock State Machine (continued) 


PIPELINED CLOCKING SYSTEM ©D20G10 3/7/90 


Cc. <€ -€. 2¢€ Cc. 
E Ss R L L L L L L Cc Cc 
Vv t I W E K K K K K XK L L 
e a R N NWN I A ws ey, oh Se es ee. cs 
n t U P T &E I E E 1 1 2 2 3 BS 6 ve 
t e N L R N T N T A B A B A B A B 
a ee ee ee + 0-1 0-1 O-1 O-1 Q-1 0-1 O-1 : O-1 O-1 0-1 0-1 O-1 0-1 0-1 0-1 O 
[oe Pa. “Tae wh Ge is oe Hs eee a oP eee a 1 IU: 
74 1 IU : : 
74 11C: . °t ‘ : . 
74 21U : “3 . 
75 2IuU: °3 
75 2 IC . 
75 3 IU: . : . : 
7& 3 IU: : . 
76 310-4 : : : 
76 4 IU: . : 
77 4 IU : 
77 41C: 
77 5 IU : 
78 5 IU : : 
78 SIC : . 
78 6 IU : : . 
79 «6G WIV: as . . 
79 6 IC: oe ° ° 
79 7 IU: . : ° . 
80 7 IU : : : . 
80 7 IC-% . . . . 
80 4 IU: . 
81 4 1U: . ‘ 
81 4 IC : . ‘ 
81 5 IU: . . 
82 5 IU: . 
82 5 IC : ° 
82 6I1U: . 
83 6 IU : . 
83 61C: . 
83 7 IU: 
B4 7 1U: : 
84 7 1C : 
84 8 IU : 
85 8 IU : 
85 BIC: . 
85 9 IU : : . 
86 9 IU: - 
86 91C: . 
86 8IU: 7 
87 8 IU : 
87 B8I1C: 
87 9 IU: : 
88 9 IU : . 
88 9 1C: . 
88 8 IU: 
89 8 1U: 
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Appendix B. LOG/iC Simulation: Clock State Machine (continued) 
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Appendix B. LOG/iC Simulation: Clock State Machine (continued) 
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Efficient Arithmetic Designs Targeting FLASH370i™ CPLDs 


introduction 


The design of fast and efficient arithmetic elements is imper- 
ative because of its applications in the many areas of science 
and engineering. It is important for designers to be aware of 
the choices available to them in selecting an efficient algo- 
rithm for their application. Even the seemingly simple arith- 
metic operations turn out to be more complex than one ex- 
pects, when attempting to implement them. There is a lot of 
literature available in the field, but very little provides the level 
of detail required to go all the way from a concept to a final 
implementation. 


This application note is intended to help designers create ef- 
ficient arithmetic designs targeting a FLASH370i™ complex 
programmable logic device (CPLD). The designer has many 
alternatives in choosing between arithmetic implementations 
for a given design. The decision on the final choice is typically 
based on issues like resource availability, speed of operation, 
and modularity. Creating designs in view of the target device’s 
architecture will definitely yield better results than implement- 
ing a generic design on the same device. The discussion in 
this application note addresses arithmetic algorithms, design 
methodologies, and implementations tailored to the features 
and resources offered in the FLASH370i family of CPLDs. 
These specialized arithmetic designs achieve a balanced 
tradeoff between speed/area requirements for a given appli- 
cation. In this application note the user is offered a wide vari- 
ety of algorithms and implementations to choose from. This 
variety provides the designer with the flexibility to choose the 
model best suited for the target application. This choice is 
absolutely necessary, since design requirements and con- 
straints vary from application to application. 


The discussion assumes that the designer has a good feel for 
the features and resources available in the FLASH370i family 
of CPLDs. The implementation details and design tradeoffs in 
building adders, subtracters, equality and magnitude compar- 
ators are addressed in this application note. This application 
note includes many VHDL (VHSIC Hardware Design Lan- 


ADD: 1-Bit Full Adder (1 Pass) 


CO SUM 
SUM = A XOR'B XOR Cl 


Functionality: 


guage) examples to illustrate the working and implementation 
of the algorithms presented. Block diagrams are also present- 
ed wherever necessary to help the designer understand the 
design better. 


All algorithms in this application note are described within the 
same framework, so that the similarities between different al- 
gorithms become evident and consequently, the basic princi- 
ple behind these algorithms can be easily identified. This ap- 
plication note is also intended to create a solid foundation 
from which designers can pick up ideas and concepts and 
create their own algorithms/implementations. 


The VHDL code presented in this application note are inten- 
tionally presented in a simple style. The intent of this applica- 
tion note is to allow a designer to visualize and implement 
arithmetic models efficiently and not to explain how to code 
them. All VHDL keywords are presented in italics. This appli- 
cation note also assumes that the reader has a good grasp of 
the fundamentals of VHDL. Some of the LPM (library of pa- 
rameterized modules) elements for CPLDs provided in the 
Warp™ software are built using the concepts and final imple- 
mentations discussed here. This provides the user with an 
excellent opportunity to choose the best algorithm and imple- 
mentation tailored to the target application. 


Adders 


The addition of two operands is the most frequent operation 
in almost any arithmetic unit. The two-operand adder is com- 
monly used in performing additions and subtractions. Itis also 
used when executing complex arithmetic functions like multi- 
plication and division. 


ADD: 1-Bit Full Adder 


The basic component used in adding two operands is called 
a Full Adder. The full adder element. will be henceforth re- 
ferred to as the ‘ADD’ component. The block diagram and 
functionality of ADD is shown in Figure 7. A and B are the two 


(Basic building block) — 


CO = (A AND B) or (A AND Cl) or (B AND Cl) 
Figure 1. Block Diagram and Functionality of a Full Adder 
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operands to be added and Cl is the Carry-in to the compo- 
nent. SUM and CO are the Sum and Carry-out from the com- 
ponent. 


-~- within a package called MATHPKG 


LIBRARY IEEE; 
USE IEEE.STD_LOGIC_1164.ALL; 


PACKAGE mathpkg IS 
COMPONENT add 
PORT (CI: IN STD_LOGIC; 
A, B: INSTD_LOGIC; 
SUM: OUT STD_LOGIC; 
CO: OUT STD_LOGIC) ; 
END COMPONENT; 
END mathpkg; 


LIBRARY IEEE; 
USE TEEE.STD_LOGIC_1164.ALL; 


ENTITY add IS 
PORT (CI: IN STD_LOGIC; 
A, .B? IN STD GOGIC; 
SUM: OUT STD_LOGIC; 
CO: OUT STD_LOGIC); 
END add; 


ARCHITECTURE archadd OF add IS 
BEGIN 
SUM <= A XOR B XOR CI; 


CO <= (A and B) or (A and CI) or (B and CI); 


END archadd; 


RADD12: 12-Bit Ripple Carry Adder 


An n-bit two-operand ripple carry adder can be built using n 
ADD components. All the 2n input bits are available to the 
adder at the same time. However the carries have to propa- 
gate from the LSB position to the MSB. In other words, we 
need to wait until the carries ripple through n ADD compo- 
nents to claim that the SUM outputs are correct. Because of 
this rippling effect, the adder is referred to as the Ripple Carry 
Adder. This is the simplest form of adding any two operands. 
It uses the least amount of area compared to all other imple- 
mentations but, on the negative side, is the slowest imple- 
mentation. This is typically the implementation provided with 
a synthesis tool when it recognizes the ‘+’ operator ina VHDL 
code. The block diagram of a 12-bit Rippie Carry Adder 
(RADD12) is shown in Figure 2. 


The VHDL code describing the functionality of the RADD12 
component is shown here. This design takes 12 passes 
through the logic array to fit into a FLASH370i CPLD. The out- 
puts of the LSB ADD component are produced in the first 
pass. The outputs of the succeeding ADD components are 
produced with every alternate pass through the logic array. 
Each pass through the logic array has a time penalty associ- 
ated with it. It is recommended that the reader understand the 
timing issues associated with the FLASH370i CPLD (refer to 
the “CY7C37x Timing Parameters” application note). 
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The VHDL code describing the functionality of the ADD com- 
ponent is shown here. This design takes one pass through the 
Logic (AND-OR) array to fit into a FLASH370i CPLD. The ADD 
component instantiated in the VHDL code shown has exactly 
the same functionality shown in Figure 7. 


~ This VHDL code implements a full adder component called ADD 
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RADD12: 12-Bit Ripple-Carry-Adder (12 Passes) 
A3 B3 A2 B2 Al Bt AO BO Cl 


$3 


A7 B7 A6 B6 AS (BS AA B4 


S 7 $6 $5 S4 


All B11 A 10 B10 AQ BQ A8& B8 


S 10 SQ S 8 


Figure 2. Block Diagram of a 12-Bit Ripple Carry Adder 


--This VHDL code describes the implementation of a generic 
--12 bit ripple carry adder. 


LIBRARY IEEE; 
USE IEEE.STD_LOGIC_1164.ALL; 
USE WORK .MATHPKG.ALL; 


ENTITY rippleaddi2 IS 
PORT (CI: IN STD_LOGIC; 
All, Al0O, AY, A&8, AT, A6, AS, A4, A3, A2, Al, AO : IN STD_LOGIC; 
Bids. BLO; Bo;,> BS, BT, B6, BS, BA, 63-825 Bly BO. SN STD bOGic: 
SUM11, SUM10, SUM9, SUM8, SUM7, SUM6, SUM5, SUM4, 
SUM3, SUM2, SUM1, SUMO : OUT STD_LOGIC; - 
COs OUT? STD: LOGIC }.3 
END rippleadd12; 


ARCHITECTURE archripplel2add OF rippleadd12 IS 
SLEGNAIP CL, G2. “C35 166 CS) 706). “Cy, Cee “Coe CLO Cl. =. Shp: bOGLC? 


ACLPI bute synthesis off of Cl, (C2, C32, C4, C5, C6; "C7, C8, CS). C10; Cli & signal is: true; 
BEGIN 


il: add PORT MAP(CI,A0,BO,SUMO0,C1) ; 
U2 <add: PORT MAP (Cl-;Al, Bly SUM /.C2).4 
Lee: add. PORT MAP(C2:,A2,B2,S5UM2,;C3) 3 
14: add PORT MAP(C3,A3,B3,SUM3,C4); 
15: add PORT MAP(C4,A4,B4,SUM4,C5) ; 
16: add PORT MAP(C5,A5,B5,SUM5,C6) ; 
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i7: add PORT MAP(C6,A6,B6,SUM6,C7) ; 

i8: add PORT MAP(C7,A7,B7,SUM7,C8) ; 

19: add PORT MAP(C8,A8,B8,SUM8,C9) ; 

i110: add PORT MAP(C9,A9,B9,SUM9,C10); 
i111: add PORT MAP(C10,A10,B10,SUM10,C11); 
g12¢: add. PORT MAP(C11, All, B1li,SUM1L1, CO): 


END archripplel2add; 


The need and use for the ‘Synthesis_off’ attribute used in the Ri 
VHDL code will be discussed a little later. BORE: AO Sanborn pees) 


ADD2WC: 2-Bit Adder with Carry-Out 


The concept of the ADD component can be extended to cre- 
ate a 2-bit adder which takes in two 2-bit operands with a 
Carry-in and produces a 2-bit SUM and a carry-out as outputs. 
This component will be referred to as the ADD2WC (2-bit 
adder with a carry-out). This also takes just one pass through 


the logic array to yield results. The block diagram of ADD2WC CO SUM1,SUMO 
is shown in Figure 3. AO, A1 and BO, B1 are the two operands Figure 3. A 2-Bit Full Adder with a Carry-Out 
to be added and Cl is the Carry-in to the component. S0,S1 = tHe WHDL code describing the functionality of the ADD2WC 


and CO are the Sums and Carry-outs from the component. component is shown here. This design takes one pass 


through the logic array to fit into a FLASH370i CPLD. 


--VHDL code describing a 2-bit adder with carry-out. 


LIBRARY IEEE; 
USE IEEE.STD_LOGIC_1164.ALL; 


PACKAGE add2wc_pkg IS 
COMPONENT add2wc PORT ( 
Ci 2 EN (SED _BOGTC 
Al,A0: IN STD_LOGIC; 
B1,B0O: IN STD_LOGIC; 
SUM1,SUMO : OUT STD_LOGIC; 
CO: OUT STD LOGIC) + 
END COMPONENT; 
END add2wc_pkg; 


LIBRARY IEEE; 
USE ITEEE.STD_LOGIC_1164.ALL; 


ENTITY add2wc IS 
PORT (CI : IN STD_LOGIC; 
A1l,AO: IN STD_LOGIC; 
B1,B0O: IN STD_LOGIC; 
SUM1,SUMO : OUT STD_LOGIC; 
CO* OUT. STD: LOGIC): 
END add2wc; 


ARCHITECTURE archadd2wc OF add2wc IS 
BEGIN 


SUMO <= AO XOR BO XOR CI; 
SUM1 <= Al XOR Bl XOR ((AO AND BO) OR (AO AND CI) OR (BO AND CI)); 
CO <= (AO AND BO AND B1) 

OR (AO AND BO AND Al) 

OR (CI AND BO AND B1) 

OR (CI AND BO AND Al) 

OR (CI AND AO AND B1) 

OR (CI AND AO AND Al) 

OR (Al AND Bl); 


END archadd2wc; 


I | 


~Y PRESS 


The concept of ADD2WC can be extended to describe the 
ADD2NC component. The ADD2NC component is a 
cut-down version of the ADD2WC component, and does not 
have a carry-out. The VHDL code and block diagram for the 
ADD2NC component is easy to extrapolate and is not shown 
here. 


R2ADD12: 12-Bit Ripple Carry Adder using the ADD2WC 
as a Basic Block 


A 12-bit adder using the ADD2WC component is shown here. 
This adder takes 6 passes to produce all results, as opposed 


R2ADD12: 
A7,A6 B7,B6 


SUM7,SUM6 SUM5,SUM4 


A11,A10 B11,B10 


CO 


A3,A2 B3,B2 
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to the 12 passes needed for the 12-bit adder using the ADD 
component. The outputs of the LSB ADD2WC component are 
produced in the first pass. The outputs of the succeeding 
ADD2WC components are produced with every alternate 
pass through the logic array. The number of macrocells used 
by this scheme is less than RADD12, but the product term 
count is higher. A comparison of different schemes is present- 
ed later. The block diagram of R2ZADD12 is shown in Figure 
4. The VHDL code describing the functionality is also at- 
tached. 


12-Bit Adder using ADD2WC (6 Passes) 
A5,A4 B5,B4 


A1,A0 B1,B0 Cl 


SUM3,SUM2 SUM1,SUMO 


A9,A8 B9,B8 


SUM11,SUM10 SUM9,SUM8 


Figure 4. Block Diagram of a 12-Bit Ripple Carry Adder Using 2-Bit Adders 
--A 12-bit Ripple carry adder built using the ADD2WC element as a basic building block 


LIBRARY IEEE; 
USE IEEE.STD_LOGIC_1164.ALL; 
USE WORK.ADD2WC.ALL; 


ENTITY addi2 IS 
PORT (CL. #> TN STD: bOGIC; 
A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0: 
B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0: 


SUM3 , SUM2 , SUM1, SUMO 
CO: OUT STD_LOGIC)  ; 
END addl12; 


: OUT STD LOGIC; 


ARCHITECTURE archadd12 OF addi2 IS 
SIGNAL C2, C4, C6, C8, C10 : STD_LOGIC; 
attribute synthesis_off of C2, C4, C6, C8, 


BEGIN 


IN (STD LOGIC; 
LN 3S TD: BOGLIC; 
SUM11,SUM10,SUM9,SUM8,SUM7,SUM6,SUM5,SUM4, 


: signal is true; 


i1: add2wc PORT MAP(CI,A1,A0,B1,B0,SUM1,SUM0,C2) ; 
12: add2wc PORT MAP(C2,A3,A2,B3,B2,SUM3,SUM2,C4) ; 
i3: add2wc PORT MAP(C4,A5,A4,B5,B4,SUM5,SUM4,C6) ; 


15: add2wc PORT MAP(C8,A9,A8,B9,B8,SUM9,SUM8,C10) ; 


( 
( 
( 
14: add2wc PORT MAP(C6,A7,A6,B7,B6,SUM7,SUM6,C8) ; 
( 
( 


16: add2wc PORT MAP(C10,A11,A10,B11,B10,SUM11,SUM10,CO) ; 


END archadd12; 
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ADD3WC: The 3-Bit Ripple Carry Adder 


There is yet another way we could implement an n-bit ripple 
carry adder targeting the FLASH370i CPLDs. We can imple- 
ment the n-bit adder using the 3-bit group adder (ADD3WC) 
as opposed to a 2-bit group adder (ADD2WC). The problem 
with a 3-bit group adder is the sum-splitting of the functionality 
of the MSB Sum bit (SUM2). This takes more than 16 product 
terms (PTs) and takes 2 passes through the logic array to 
produce the result. All other results, including the carry-out, 
take less than 16 PTs and take just one pass to produce re- 
sults. To control sum-splitting the functionality of SUM2, the 
intermediate carry C2 is created and assigned to a node. C2 
is then used to create the functionality of SUM2. Note that the 
functionality of CO takes less than 16 PTs and is generated 
at the first pass, so the carry rippling is faster. This makes this 
component a faster building block. This scheme still takes two 
passes to create the functionality of SUM2, but without getting 


-- 3-Bit Adder with Carry-out 


LIBRARY IEEE; 
USE ITEEE.STD_LOGIC_1164.ALL; 


PACKAGE add3wc_pkg IS 
COMPONENT add3wC 


PORT (CI IN BIT; 
A2,A1,A0: IN BIT; 
B2,B1,B0: IN BIT; 


SUM2,SUM1, SUMO 
CO? “OU BLP) = 
END COMPONENT; 
END add3wc_pkg; 


LIBRARY IEEE; 
USE IEEE.STD_LOGIC_1164.ALL; 


ENTITY add3wc IS 


> OUT BIT; 


PORT (CL LN STD LOGIC? 
A2,A1,A0: IN STD_LOGIC; 
BZ, BL, BO: “IN STD. LOGIC? 


SUM2, SUM1, SUMO OUT STD_LOGIC; 
COs OUT STD..HOGLIC).+ 
END add3wc; 


ARCHITECTURE archadd3wce OF add3wc IS 
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sum-split. The resource utilization of a 12-bit adder using the 
3-bit group adder is presented later. The block diagram of the 
ADD3WC component is shown in Figure 5. 


ADD3WC: 3-Bit Adder (2 Passes) 


A2..0B2..0 Cl 


ee) 
Figure 5. A 3-Bit Full Adder with a Carry-Out 


SUM2..0 


SIGNAL C2: STD_LOGIC; 
attribute synthesis_off of C2: signal is true; 
BEGIN 
SUMO <= AO XOR BO XOR CI; 
SUMi <= Al XOR Bl XOR ((AO AND BO) or (AO AND CI) or (BO AND CI)); 
SUM2 <= A2 XOR B2 XOR C2; 
C2 <= (AO AND BO AND B1) 
OR (AO AND BO AND Al) 
OR (CI AND BO AND B11) 
OR (CI AND BO AND Al) 
OR (CI AND AO AND B1) 
OR (CI AND AO AND Al) 
OR (Al AND Bl); 
CO <= (A2 AND B2) OR ((A1l AND B1) AND (A2 OR B2)) 
OR ((AOQ AND BO) AND (Al OR B1) AND (A2 OR B2)) 
OR (CI AND (AO OR BOQ) AND (Al OR B1) AND (A2 OR B2)); 


END archadd3wc; 
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Function and Use of the Synthesis_off Attribute 


The Synthesis_off attribute causes a signal to be made into 
a factoring point for logic equations and keeps the signal from 
being minimized out during optimization. 


The attribute is useful for the following reasons: 


. It gives the user control over which equations or sub-ex- 
pressions need to be factored into a node. 


. It helps in cutting down on compile time for designs that 
have a lot of ‘signal redirection’ (Signals getting inverted/re- 
assigned to other signals). This attribute provides the Logic 
optimizer a better control over the optimization process by 
reducing the number of signals it needs to deal with. 


. It provides better results for designs where a signal with a 
large functionality is being used by many other signals. If 
left alone, the fitter would collapse all the internal signals 
(which is desirable in many cases) and may drive the de- 
sign’s resource requirements beyond the available limits. 


By using the Synthesis_off attribute, the user can assign the 
commonly-used signal to a node and bring down the resource 
utilization. 


A side effect of using the Synthesis_off attribute is that the 
design will now take an extra pass through the array to 
achieve the same functionality. The extra pass may be re- 
quired anyway, if more than 16 PTs are required. 


This attribute is only recommended for use on combinatorial 
signals. Registered signals are assigned to a node by natural 
factoring and the Synthesis_off attribute on these signals is 
redundant. 


This attribute can be associated with signals declared both in 
VHDL and schematics. The ‘BUF’ component can also be 
used in schematics and VHDL to achieve the same results as 
the Synthesis_off attribute. Please refer to the Warp Synthe- 
sis manual for more details. 


Carry-Lookahead Principle 


The predominant delay in adders is due to carry propagation. 
The carry-lookahead principle aims at minimizing this delay. 
The sum and carry equations for each bit position in an adder 
is given by: 

S; = A; xor B; xor C; 

Ci,1 = (A; and B;) or (A; and C;) or (B; and C;) 
A carry is generated whenever A; and B; are both ‘1’ and a 
carry is propagated whenever either A; or B; are ‘1’. 


Generate term: (G; = A; and B;) 
Propagate term: (Pj; = A; or B;) 
Note: P;can be (A; xor B,), but ‘OR’ is easier to implement than 
an ‘XOR’ in CPLDs. 
Rewriting the equation for C;,,, we get 
Cis4 = G; or (P; and C;) 
Writing the equations for a 4-bit carry-lookahead adder: 
C,= = Go or (Po and Co) 
Co = G, or (P, and C) 
C3 = Go or (P, and Co) 
C, = Gg or (P3 and C3) 
where G; = (A; and B,) and P; = (A; or B;). The values of G;, 
and P; can be generated in a single pass through the PIM 
array. The carry-in to any of the bit positions can be computed 


_—s 


NO 
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in a second pass through the array, based upon the values of 
the various Gs and Pjs generated in the first pass. 


The generalized carry-lookahead equation to compute the 
different carry-in signals is shown here: 


Ci.4 = G or (P; and G;.1) or (P; and Pi and Gi-1) Or... 
and P;., and ... and Pg and Co) 


We can further speed up the addition by providing a carry-loo- 
kahead over groups in addition to the internal lookahead with- 
in the group. We define a group-generated carry E anda 
group-propagated carry R, for a group of size 4 as follows: E 
= ‘1’ if a carry-out (of the group) is generated internally and R 
= ‘1’ if a carry-in (to the group) is propagated internally to 
produce a carry-out (of the group). The boolean equations for 
these carries are: 


or (P; 


E= Ggor(P3 and Go) or (P3 and P, and Gj) or 
(P3 and P, and P, and Go) 
R= (P3and Pz and P, and Po) 


The group-generated and group-propagated carries for sev- 
eral groups can now be used to generate group carry-ins ina 
manner similar to single-bit carry-ins. 


The selection of the group size plays an important role in ob- 
taining the best possible implementation for a carry-looka- 
head adder in a CPLD. Some of the different possible imple- 
mentations for a 12-bit carry-lookahead adder are shown in 
Figure 6. 


X & X NX XIX XIX XK KX 
- Adder split up into 6 groups of 2 
X MX MX XIX XIX XK KX 


X X XIX X XK K AX XK X 
X X XX X XK K XX X KX 


- Adder split up into 4 groups of 3 


XXXXAXXXAXXXX — | adder split up into 3 groups of 4 


X XK X XIX X KX XX X KK 


Figure 6. Some Possible Implementations for 12-Bit 
Carry-Lookahead Adder 


The number of passes each of these implementations take 
and the number of product terms (PTs) and macrocells (MCs) 
used vary for each scheme (see Table 7 in the “Comparison 
of Resource Utilization for Different Schemes in Building a 
12-Bit Adder’ section). Each scheme has its own advantage 
over the other. The user needs to judiciously choose between 
the different schemes based on the application, bit-size, and 
the CPLD chosen and its architectural constraints. The num- 
ber of passes taken through the logic is a direct representa- 
tion of the total time taken for producing final results. Each 
extra pass results in a time penalty. The rule to follow is, “The 
smaller the number of passes through the logic array, the fast- 
er your application runs.” The implementation of a 12-bit car- 
ry-lookahead adder with different group-sizes is presented 
next. 


FC2ADD12: 12-Bit Full Carry-Lookahead Adder Using a 
Group-Size of 2 Bits 


The FLASH370i CPLD can access up to 16 PTs for each mac- 
rocell. The functionality of any signal that has more than 16 
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PTs is sum-split to fit it into multiple MCs. The number of PTs 
utilized for signals that sum-split is large and is an undesirable 
option. With the 2-bit group-size implementation we can ac- 
commodate the entire functionality of a 32-bit full carry-looka- 
head adder without any of the signals getting sum-split. The 
scheme takes a maximum of three passes through the logic 
array for all adder sizes up to 32 bits to generate outputs. The 
various values of Es and Rs, SUM1, SUMO, and C2 are gen- 
erated in the first pass. All the other intermediate carries are 
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are generated in the third pass. A key point to note is that the 
value of CO is produced in the second pass, even though the 
various SUM outputs are generated in the third pass only. 
This makes the component cascadable and modular. Refer 
to Table 1 for details on the resource utilization of different 
12-bit adder implementations. The FC2ADD12 is built using 
the ADD2WC and ADD2NC as basic building blocks. The 
block diagram of a FC2ADD12 is shown in Figure 7. The 
VHDL code for the design is also presented. 


generated in the second pass and the various SUM results 


12-Bit Fast Carry Adder (3 Passes) 
A5,A4 B5,B4 C4 


FC2ADD12: 


A7,A6 B7,B6 C6 A1,A0 B1,B0 Cl 


A3,A2 B3,B2 C2 


SUM7,SUM6 


To CLA To'CLA SUM5,SUM4 To CLA SUM3,SUM2 SUM1,SUMO 
CO Carry-lookahead Unit 
C8 
A11,A10 B11,B10 AY,A8 B9,B8 


C10 


To'CLA SUM11,SUM10  Jo'cL_ a SUM9,SUM8 


Figure 7. 12-Bit Full Carry-Lookahead Adder Using ADD2WC and ADD2NC 


--A 12-bit Full carry-lookahead adder built using the ADD2WC and ADD2NC 
--elements 


DBIBRARY IEE; 

USE IEEE.STD_LOGIC_1164.ALL; 
USE WORK.ADD2WC.ALL; 

USE WORK.ADD2NC.ALL; 


ENTITY EC2Zaddl 2. £5 
PORT (CI IN STD_LOGIC; 

A1l1,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0: IN STD_LOGIC; 
BLL, BLO, Bo, 3S,.B/,386 (BS, B4;,83,82,B1,B0+. IN STD LOGIC: 
SUM11,SUM10, SUM9,SUM8, SUM7, SUM6, SUM5, SUM4, 
SUM3,SUM2,SUM1,SUMO : OUT STD_LOGIC; 
CO: OUT STD: LOGIC).; 

PND. fte2zaddl2-; 


ARCHITECTURE archfc2add12 OF fc2add12 IS 


 SLDLOGIC; 


SIGNAL: C2, C4, C6; ‘Ce, “CLO 
SIGNAL E1,E2,E3,E4,E5 : STD_LOGIC; 
SIGNAL Rl, R2,R3, Ro; RS: fs TD_DOCIC? 


signal is true; 
signal is true; 
signal is true; 


attribute synthesis_off of E1,E2,E3,E4,E5 
attribute synthesis_off of R1,R2,R3,R4,R5 
attribute synthesis_off of C2, C4, C6, C8, C10 
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AND R2)) AND R3)) AND 


BEGIN 
il: add2wc PORT MAP(CI,A1,A0,B1,B0,SUM1,SUM0O,C2); 
i2: add2nc PORT MAP(C2,A3,A2,B3,B2,SUM3,SUM2); 
i3: add2nc PORT MAP(C4,A5,A4,B5,B4,SUM5,SUM4); 
14: add2nc PORT MAP(C6,A7,A6,B7,B6,SUM7,SUM6) ; 
i5: add2nc PORT MAP(C8,A9,A8,B9,B8,SUM9,SUMB8) ; 
i6: add2nc PORT MAP(C10,A11,A10,B11,B10,SUM11,SUM10) ; 
El <= (A3 AND B3) OR ((A3 OR B3) AND (A2 AND B2)); 
R1 <= (A3 OR B3) AND (A2 OR B2); 
C4 <= El OR (C2 AND R11); 
E2 <= (AS AND B5) OR ((A5 OR B5) AND (A4 AND BA4)); 
R2 <= (A5 OR B5) AND (A4 OR B4); 
C6 <= E2 OR ((El OR (C2 AND R1)) AND R2); 
E3 <= (A7 AND B7) OR ((A7 OR B7) AND-(A6 AND B6)); 
R3 <= (A7 OR B7) AND. (A6 OR B6); 
C8 <= E3 OR ((E2 OR ((El OR (C2 AND R1)) AND R2)) AND R3); 
E4 <= (A9 AND B9) OR ((A9 OR B9) AND (A8 AND B8)); 
R4 <= (A9 OR B9) AND (A8 OR B8); : 
C10 <= E4 OR ((E3 OR ((E2 OR ((E1 OR (C2 AND R1)) 
R4) ; 
E5 <= (All AND B11) OR ((A11 OR B11) AND (A10 AND B10)); 
R5 <= (All OR B11) AND (A10 OR B10); 


CO <= E5 OR ((E4 OR ((E3 OR ((E2 OR ((E1 OR (C2 AND R1)) AND R2)) AND 


R3)) AND R4)) AND R5); 


END archfc2add12; 


FC3ADD12: 


Ai1..9 B11.9 C9 A8..6 B8..6 


CO 


SUM11..9 a, SUMB..6 


Carry-Lookahead Unit 


12-Bit Fast Carry Adder (4 Passes) 


C6 


A2.0 B2.0 ©! 


C3 


AS..3 B5..3 


Cl 


Figure 8. 12-Bit Full Carry-Lookahead Adder using ADD3WC and ADD3NC 


FC3ADD12: 12-Bit Full Carry-Lookahead Adder using a 
Group-Size of 3 Bits 


This is very similar to the FC2ADD12, differing in the 
group-size of the adder used as the basic building block. The 
basic building blocks in this scheme are the ADD3WC and the 
ADD3NC components. The VHDL code attached and the 
block diagram in Figure 8 illustrate the design. This scheme 
takes four passes through the logic array to yield all the re- 
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sults. The Es and the Rs are generated in the first pass. The 
intermediate carries C3, C6, and C9 are generated in the sec- 
ond pass. The carries internal to the group are generated in 
the third pass and the final SUM outputs in the fourth pass. 
As a different approach, the CO is generated by the MSB 
ADDSWC as opposed to the Carry-lookahead unit. This re- 
sults in CO being generated in the third pass as opposed to 
the second pass. The VHDL code clearly indicates the man- 
ner in which the model is built. 
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For some bit-sizes, given that the 3-bit group-size is odd-num- ADD3NCs and one ADD2NC. The designer needs to choose 
bered, the designer will have to choose a non-modular struc- the final implementation based on the constraints of the ap- 
ture in building the adder. For example, a 32-bit adder cannot plication. 


be built using just ADD3NCs and can be built using 10 
--12-Bit Fast carry-Lookahead adder with 3-bit groups 


LIBRARY IEEE; 

USE ITEEE.STD_LOGIC_1164.ALL; 
USE WORK.ADD3WC.ALL; 

USE WORK.ADD3NC.ALL; 


ENTITY fc3add12 IS 
PORT ( 

Al1,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0 : IN STD_LOGIC; 
B11,B10,B9,B8,B7,B6,B5,B4,B3,B2,B1,B0 : IN STD_LOGIC; 
CI : IN STD_LOGIC; 
CO: &-O0F “STP OGLE. 
SUM11,SUM10,SUM9,SUM8,SUM7,SUM6,SUM5,SUM4,SUM3, 
SUM2,SUM1,SUMO : OUT STD_LOGIC) ; 

END fc3add12; 


ARCHITECTURE fc3addl2arch OF fc3add12 IS 


SIGNAL E1,E2,E3 : STD_LOGIC; 
SIGNAL R1,R2,R3 : STD_LOGIC; 
SIGNAL. -C3,C6,C9 <2 sSTD_LOGIC; 


attribute synthesis_off of C3,C6,C9 : signal is true; 
attribute synthesis_off of E1,E2,E3 : signal is true; 
attribute synthesis_off of R1,R2,R3 : signal is true; 
BEGIN 


il: add3nc PORT MAP(CI,A2,A1,A0,B2,B1,B0,SUM2,SUM1,SUM0) ; 
12: add3nc PORT MAP(C3,A5,A4,A3,B5,B4,B3,SUM5,SUM4,SUM3) ; 


i3: add3nc PORT MAP(C6,A8,A7,A6,B8,B7,B6,SUM8,SUM7,SUM6) ; 
14: add3wc PORT MAP(C9,A11,A10,A9,B11,B10,B9, SUM11,SUM10,SUM9,CO) ; 


El <= (A2 AND B2) 

OR ((Al AND B1) AND (A2 OR B2)) 

OR ((AOQ AND BO) AND (Al OR B1) AND (A2 OR B2)); 
Rl <= (A2 OR B2) AND (Al OR B1) AND (AO AND BO); 
C3. = Bl OR: (RL AND CE) 

E2 <= (A5 AND B5) 

OR ((A4 AND B4) AND (A5 OR B5)) 

OR ((A3 AND B3) AND (A4 OR B4) AND (A5 OR B5)); 
R2 <= (A5 OR B5) AND (A4 OR B4) AND (A3 AND B3); 
C6 <= E2 OR (E1 AND R2) OR (R2 AND R1 AND CI); 

E3 <= (A8 AND B8) 

OR ((A7 AND B7) AND (A8 OR B8)) 

OR ((A6é AND Bé) AND (A7 OR B7) AND (A8 OR B8)); 
R3 <= (A8 OR B8) AND (A7 OR B7) AND (A6 AND BO); 


C9 <= E3 OR (E2 AND R3) OR (El AND R3 AND R2) OR (R3 AND R2 AND R1 AND CI); 
END fc3addi2arch; 
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FC4ADD12: 12-Bit Full Carry-Lookahead Adder using a 
Group-Size of 4 Bits 


This is very similar to the FC2ADD12 and, again, differs in the 
group-size of the adder used as the basic building block. The 
basic building block in this scheme is the ADD4NC compo- 
nent. The ADD4NC component is built using a combination 
of ADD2WC and ADD2NC in the same order. This compo- 
nent is replicated to create the adder of the desired size. In 
the very last stage, two ADD2WCs are used instead of an 


FC4ADD12: 


[~ A7,A6 B7,BE ~ ~ ~ ~ “AS,A4°B5,B4 ~ G4 |] 


SUM5,SUM4 


f------- 


CO | Carry-Lookahead Unit 


C8 
[-AT1,A10 BiT,B10° ~ ~ ~ ~ AY,A8 BIBS y ~ 


SUM11,SUM10 


ADD2WC and an ADD2NC. The VHDL code attached and 
the block diagram in Figure 9 illustrate the design’s function- 
ality. This scheme takes four passes through the logic array 
to yield results. The various Es and Rs are generated in the 
first pass, the values of C4 and C8 in the second pass, the 
outputs from all the ADD2WCs in the third pass, and the out- 
puts from ADD2NC in the fourth pass. Note that the value of 
CO is generated in the second pass. This scheme uses fewer 
MCs and more PTs than the previously mentioned schemes. 
The resource utilization of this model is shown in Table 7. 


12-Bit Fast Carry Adder (4 Passes) 


— 


MAO BILBO G 


SUM3,SUM2 SUM1,SUMO 
BU Ns ict ae aa ray ek ae es ey ee J 
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Figure 9. 12-Bit Full Carry-Lookahead Adder using ADD4NC 


--A 12-bit Full carry-lookahead adder built 
--elements. 
--same order 


LIBRARY IEREE; 

USE IEEE.STD_LOGIC_1164.ALL; 
USE WORK.ADD2WC.ALL; 

USE WORK.ADD2NC.ALL; 


ENTITY fc4addi2 IS 
PORT ( 
A1l1,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0 : 
B11; B10,B9,Be;B/,B6,B85,B84,83,B2,B1,;B0' = 
Clot DN SED. BOGIC: 
CO : OUT STD_LOGIC; 


uSing the ADD2WC and ADD2NC 


The ADD2WC and ADD2NC elements are part of the ADD4NC in the 


IN STD LOGIC; 
IN STD_LOGIC; 


SUM11,SUM10,SUM9,SUM8,SUM7,SUM6,SUM5, SUM4,SUM3, 


SUM2,SUM1,SUM0 : OUT STD_LOGIC) ; 


END fc4add12; 
ARCHITECTURE fc4addl2arch OF fc4addi2 IS 
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SIGNAL E1,E2 : STD_LOGIC; 
SIGNAL R1,R2 : STD_LOGIC; 
SIGNAL -C2,,C4,C6,C8,C10 +. (STD LOGIC; 


attribute synthesis_off of C2,C4,C6,C8,C10 : signal is true; 
attribute synthesis_off of E1,E2 : signal is true; 
attribute synthesis_off of R1,R2 : signal is true; 


BEGIN 


i: add2we. PORT MAP(CI,Al,A0,;,B1,B0,SUML, SUMO, C2) 
12: add2nc PORT MAP(C2,A3,A2,B3,B2,SUM3,SUM2) ; 


( 

( 
13: add2wc PORT MAP(C4,A5,A4,B5,B4,SUM5,SUM4,C6) ; 
14: add2nc PORT MAP(C6,A7,A6,B7,B6,SUM7,SUM6) ; 
( 
( 


15: add2wc PORT MAP(C8,A9,A8,B9,B8,SUM9,SUM8,C10) ; 
16: add2wc PORT MAP(C10,A11,A10,B11,B10,SUM11,SUM10,CO); 


El <= (A3 AND B3) 
OR ((A2 AND B2) AND (A3 OR B3)) 
OR ((Al AND B1) AND (A2 OR B2) AND (A3 OR B3)) 
OR ((AQ AND BO) AND (Al OR Bl) AND (A2 OR B2) AND (A3 OR B3)); 


R1 <= (A3 OR B3) AND (A2 OR B2) AND (Al OR BL) AND (AO AND BO); 
C4 <= El OR (R1 AND CI); 


E2 <= (A7 AND B7) 
OR ((A6 AND B6é) AND (A7 OR B7)) 
OR ((A5 AND B5) AND (A6 OR B6) AND (A7 OR B7)) 
OR ((A4 AND B4) AND (A5 OR B5) AND (A6 OR B6) AND (A7 OR B7)); 


R2 <= (A7 OR B7) AND (A6 OR B6) AND (A5 OR B5) AND (A4 AND B4); 


C8 <= E2 OR (El AND R2) OR (R2 AND R1 AND CI); 


END fc4add12arch; . 
referred to as the ‘SUB’ component. The block diagram and 


Subtracters functionality of SUB is shown in Figure 10. A (minuend) and 
Subtracters are just a modified form of adders. The discus- B (subtrahend) are the two operands to be subtracted and Bin 
sion presented for the adders can be easily extended to the is the Borrow-in to the component. DIF and Bout are the Dif- 
subtracters. For any given sized adder or subtracter, the re- ference and Borrow-out from the component. 
source utilization is exactly the same for both in all respects. The VHDL code describing the functionality of the SUB com- 
SUB: 1-Bit Full Subtracter ponent is shown here. This design takes one pass through the 

; Product Term Matrix logic array to fit into a FLASH370i CPLD. 
The basic component used in subtracting two operands . The SUB component instantiated in the VHDL code has the 
called a Full subtracter. The full subtracter element will be exact same functionality shown in Figure 10. 

SUB: 1-Bit Full Subtracter (1 Pass) 


(Basic building block) 


Bout DIF 


Functionality: DIF = NOT (NOT (A XOR B) XOR Bin) 
Bout = (VOT A AND B) OR (NOT A AND Cl) or (B AND Cl) 


Figure 10. Block Diagram and Functionality of a Full Subtracter 
-- This VHDL code implements the element SUB within the package MATHPKG 


LIBRARY IEEE; 
USE JEEE.STD_LOGIC_1164.ALL; 
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PACKAGE mathpkg IS 
COMPONENT sub 
PORT (BIN: IN STD_LOGIC; 
Ay Be IN SPD LOGIC: 
DIF* OUT SYD LOGIC; 
BOUT: OUT STD_LOGIC); 
END COMPONENT; 
END mathpkg; 


LIBRARY IEEE; 
USE IEEE.STD_LOGIC_1164.ALL; 


ENTITY sub IS 
PORT (Bin: IN STD_LOGIC; 
A, B: IN STD_LOGIC; 
DIP*s OUT STD EOGIC;: 
Bout: OUT STD LOGIC); 
END sub; 


ARCHITECTURE archsub OF sub IS 


BEGIN 
DIF <= NOT (NOT (AO XOR BO) XOR Bin); 


Bout <= (A and (not B)) or (A and Bin) or ((not B) and Bin); 


END archsub; 
SUB2WB: A 2-Bit Subtracter with a Borrow-Out 


The structure of a 2-bit group subtracter (SUB2WB) is very 
similar to that of the ADD2WC and is shown here. This com- 
ponent can be used as a building block to build larger sized 
subtracters, exactly like ADD2WC was used to build larger 
sized adders. The block diagram of the SUB2WB is shown in 
Figure 11. The corresponding VHDL code used to describe 
the functionality of the SUB2WB is also attached. As in the 
case of ADD2WC, the functionality for SUB2WB is realized | in 
one pass through the logic array. 


LIBRARY IEEE; 
USE IFEE.STD_LOGIC_1164.ALL; 


PACKAGE sub2wb_pkg IS 
COMPONENT sub2wb PORT ( 
Bin : IN STD_LOGIC; 
A1l,A0Q: IN STD_LOGIC; 
BL,BO? IN STD LOGIC; 
DIF1,DIFO : OUT STD_LOGIC; 
BOULSs “OUT SUD LOGIC) 3 
END COMPONENT; 
END sub2wbh_pkg; 


ENTITY sub2wb IS 
PORT (Bin : IN STD_LOGIC; 
A1l,AO: IN STD_LOGIC; 
B1,B0: IN STD_LOGIC; 
DIFI,DIFO 2 -OUT STD: LOGIC; 
Bout: OUT’ STD_LOGIC) ; 
END sub2whb; 


ARCHITECTURE archsub2wb OF sub2wb IS 


BEGIN 
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SUB2: 2-Bit Adder (1 Pass) 
A1,AO  6B1,BO Bin 


Bout DIF1,DIFO 


Figure 11. Block Diagram of a 2-Bit Subtracter with a 
Borrow-Out 
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DIFO <= NOT (NOT (AO XOR BO) XOR Bin); 
DIF1 <= NOT (NOT (Al XOR B1) XOR ((NOT AO AND BO) 
(BO AND Bin))); 
Bout <= (NOT AO AND BO AND B1) 
OR (NOT AO AND BO AND NOT Al) 
OR (BI AND BO AND B1) 
OR (BI AND BO AND NOT A1) 
OR (BI AND NOT AO AND B11) 
OR (BI AND NOT AO AND NOT Al) 
OR (NOT Al AND B1); 


END archsub2wb; 


FB2SUB12: 12-Bit Full Borrow-Lookahead 
Subtracter using 2-Bit Subtracters 


It was mentioned before that we can build equivalent subtract- 
er models for all the adder models discussed earlier. The 
functionality and the implementation of an FB2SUB12 (sub- 
tracter equivalent of an FC2ADD12) is shown here as an ex- 
ample. The implementation of all the possible subtracter ele- 
ments is not discussed in this application note, since the 
concept involved in building them is identical to that of the 
adders. 


FBSUB12: 


A7,A6 B7,B6 A5,A4 B5,B4 
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OR (NOT AO AND Bin) OR 


The block diagram of the FB2SUB12 is very similar to that of 
the adder element FC2ADD12 and is shown in Figure 12. The 
FB2SUB12 is built using the basic elements SUB2WB and 
SUB2NC (2-bit subtracter with no borrow-out). This takes 
three passes through the logic array. The values of the various 
Es and Rs are generated in the first pass, the intermediate 
carries (borrows) in the second pass, and the various DIFs in 
the third pass. Note that the value of BO is generated in the 
second pass. The VHDL code for FB2SUB12 is also at- 
tached. 


12-Bit Fast Borrow Subtracter (3 Passes) 
A3,A2 B3,B2 
| 


A1,A0 B1,BO Bin 


ToBLA DIF7,DIF6 ToBLA DIFS,DIF4 


To BLA DIF3,DIF2 DIF1,DIFO 


Borrow-Lookahead Unit 
Bout 


A11,A10 B11,B10 


TokBY_a DIF 11,DIF10 


AY,A8 B9,B8 


To BLA DIF9,DIF8 


Figure 12. 12-Bit Fast Borrow Subtracter Built using SUB2WB and SUB2NC 
--A 12-bit Full borrow-lookahead subtracter built using the SUB2WC and 


~-SUB2NC elements 


LIBRARY IEEE; 

USE ITEEE.STD_LOGIC_1164.ALL; 
USE WORK.SUB2WB.ALL; 

USE WORK. SUB2NC.ALL; 


ENTITY fb2subl2 IS 
PORT (Bin : IN STD_LOGIC; 


Al11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0: 
Bil Bi; BS; Be; Bi pBG; B57 BA, B37 B4y.B1l, B04 


IN 
IN 
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DIF11,DIF10,DIF9,DIF8,DIF/,DIF6,DIF5,DIF4, 
DLP S;DERZ;DIFL, DLO '-<-OUT STD. LOGIC; 
Bouts “OUT STD LOGIC) 4 

END fb2sub12; 


ARCHITECTURE archfb2sb12 OF fb2subl12 IS 


SIGNAL -C2, C4, C6, Ge, ClO + (STD FOGIC; 
SIGNAL E1,E2,E3,EH4,E5 : STD _LOGIC; 
SIGNAL R1,R2,R3,R4,R5 : STD_LOGIC; 


--The internal carries are referred to as C’s to distinguish between 
--borrow-out’s and the operands 
attribute synthesis_off of E1,E2,E3,E4,E5 : signal is true; 
attribute synthesis_off of R1,R2,R3,R4,R5 : signal is true; 
attribute synthesis_off of C2, C4, C6, C8, C10 : signal is true; 


BEGIN 


il: sub2wb PORT MAP(Bin,A1,A0,B1,B0,DIF1,DIF0,C2) ; 
12: sub2nc PORT MAP(C2,A3,A2,B3,B2,DIF3,DIF2) ; 

13: sub2nc PORT MAP(C4,A5,A4,B5,B4,DIF5,DIF4); 

i4: sub2nc PORT MAP(C6,A7,A6,B7,B6,DIF7,DIF6) ; 

i5: sub2nc PORT MAP(C8,A9,A8,B9,B8,DIF9,DIF8) ; 

i6: sub2nc PORT MAP(C10,A11,A10,B11,B10,DIF11,DIF10); 


El <= (NOT A3 AND B3) OR ((NOT A3 OR B3) AND (NOT A2 AND B2)); 
Rl <= (NOT A3 OR B3) AND (NOT A2 OR B2); 


C4 <= El OR (C2 AND R1); 


E2 <= (NOT A5 AND B5) OR ((NOT AS OR BS) AND (NOT A4 AND B4)); 
R2 <= (NOT A5 OR B5) AND (NOT A4 OR B4); 


C6 <= E2 OR ((El1 OR (C2 AND R1)) AND R2); 


E3 <= (NOT A7 AND B7) OR ((NOT A7 OR B7) AND (NOT A6 AND B6)); 
R3 <= (NOT A7 OR B7) AND (NOT A6 OR BO); 


C8 <= E3 OR ((E2 OR ((E1 OR (C2 AND R1)) AND R2)) AND R3); 


E4 <= (NOT A9 AND B9) OR ((NOT A9 OR B9) AND (NOT A8 AND B8)); 
R4 <= (NOT A9 OR B9) AND (NOT A8 OR B8); 


C10 <= E4 OR ((E3 OR ((E2 OR ((E1 OR (C2 AND R1)) AND R2)) AND R3)) 
AND R4); 


E5 <= (NOT All AND B11) OR ((NOT All OR B11) AND (NOT A100 AND B10)); 
R5 <= (NOT All OR B11) AND (NOT A10 OR Bio) 3 


Bouy <= E5 OR ((E4 OR ((E3 OR ((E2 OR ((E1 OR (C2 AND R1)) AND R2)) 
AND R3)) AND R4)) AND R5); 


END archfb2subl12; 


Table 1. Comparison of Different 12-Bit Adder Schemes. 
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Comparison of Resource Utilization for Differ- 
ent Schemes in Building a 12-Bit Adder 


A comparison chart showing the resource utilization for the 
different models that can be used in building a 12-bit adder is 
shown in Table 1. This table summarizes some of the key 
issues that have been presented in the discussion so far. 
Some comparisons and comments from the charts and are 
listed here: 


Ripple Carry Adders 


. Fora given group-size, the number of passes taken to yield 
results is dependent on the size of the adder being built. 


as 


NO 


. As the group-size increases, the number of passes taken 
through the logic array is (n/k) -1 + # of passes for final 
stage, where nis the size of the adder and kis the group 
size. For example, a R2ADD12 takes (12/2) -1+1=6 
passes to yield the desired result. 


. In the R3ADD12 (ripple carry adder built using 3-bit 
groups) scheme, the value of the MSB sum bit within a 3-bit 
group is produced only in the second pass through the 
array. This, however, does not affect the 12-bit adder yield- 
ing results in 5 passes (12/3) -1 + 2=5) as expected. This 
is possible because the carry-out from the 3-bit group is 
produced in the first pass. The implementation of the 
ADD3WC was discussed in detail earlier. This solution is 
a very desirable solution for most applications that use 
small sized adders. 


4. The R1ADD12 uses fewer PTs and more MCs among the 
different versions of ripple-carry adders. The opposite is 
the case for the R83ADD12. The R2ADD12 provides an 
intermediate solution between the two extremes. 


5. The macrocell count in R1ADD12 can be brought down 
from 24 to 18, if the attribute ‘synthesis_off’ is used on the 
even-numbered carries only. The number of passes is also 
brought down from 12 to 6. This, however, pushes the 
product term count from 84 to 138. In either case, none of 
the equations sum-split. This is, in fact, READD12. The 
designer can choose the implementation that best choos- 
es the application. 


. The R4ADD12 (ripple carry adder built using 4-bit groups) 
is not a viable solution, since the carry-out from one of the 
4-bit groups would take two passes to be generated. This 
results in a implementation that takes six passes to yield 
results as opposed to the expected three passes. This so- 
lution is inefficient and is not considered. 


Carry-Lookahead Adders 


1. Fora given group-size, the number of passes taken to yield 
results is largely independent of the size of the adder being 
built. This is the biggest advantage with carry-lookahead 
adders. 


2. All the group generates (Es) and group propagates (Rs) 
are generated in the first pass and the carry-ins to all 
groups in the second pass through the logic array. The 
Sum outputs are generated in the third or the fourth pass, 
depending on the group-size being used. 


3. The FC2ADD12 takes three passes to complete, and four 
passes for the FC3ADD12 and FC4ADD12. The number 
of passes remains the same up to 32-bit versions of the 
adder. 


ee) 


[@>) 
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4. Similar to the ripple carry adders, the FC2ADD12 uses 
fewer PTs and more MCs among the different versions of 
carry-lookahead adders. The opposite is the case for the 
FC4ADD12. The FC3ADD12 provides an intermediate so- 
lution between the two extremes. 


5. The FC5ADD12 (carry-lookahead adder built using 5-bit 
groups) is not a viable solution, since the extra number of 
PTs and number of passes (5) taken through the logic ar- 
ray do not justify its usage. The design is also not modular 
and difficult to deal with. A designer can, however, extend 
the discussion presented to build his own FC5ADD12 
model if the application demands it. This, however, would 
be an extreme case and is not presented. 


Summary 


Comparing ripple carry and carry-lookahead adders, it is ev- 
ident that ripple carry adders are area efficient but have poor 
speed performance. The carry-lookahead adders on the oth- 
er hand are faster but utilize more resources. Given the differ- 
ent choices, the user needs to make a careful selection of the 
scheme best suited for his application. 


Large-Sized Adders/Subtracters 


As PLDs have grown in size and speed over the past few 
years, a lot of designers have been pushing towards larger 
sized adders and subtracters. A lot of focus and time has 
been dedicated towards building efficient smaller sized ele- 
ments and it was left to the designer's discretion to build and 
implement the algorithm. Cypress believes in providing de- 
signers with the best possible implementation for their 
adders/subtracters and relieve them of the problems they 
would normally face. This provides the customer with the op- 
portunity to get the best implementation for their application 
without spending a lot of time. 


Table 2 talks about the resource utilization for 24-bit and 
32-bit adders using 2-bit, 3-bit, and 4-bit group-sizes with car- 
ry/borrow-lookahead principle. In the previous sections, dif- 
ferent implementation strategies and the VHDL codes for a 
12-bit full-carry-lookahead adder were shown as an example. 
The VHDL codes for most variations of the 24- and 32-bit 
implementations are not presented here due to space con- 
straints. The codes are provided, however, as a part of the 
tutorial section in the Warp VHDL compiler. Figure 72 illus- 
trates three schemes used in implementing a 24-bit adder. 
The VHDL code for a 24-bit carry-lookahead adder with a 
4-bit group size is shown here as an example. The code for 
other models is very similar and can be easily extrapolated. 
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XXX XIX XX XX MX AK XK XIX XIX XK XX X 


- Adder split up into 12 groups of 2 
X XX XIX XX XX XX KK KK XK KK KK XK X 


XX XX X XK XK MX X XK KX XX K XK X XIX XK X 


- Adder split up into 8 groups of 3 
XX XIX X XK KX XX X XK X XK XX MK X XIX XX 


XXX XK X XK KX KX K XK KX XK XK X KX XK KK X 


- Adder split up into 6 groups of 4 
X XX XK XX XK XX KK XK XK XIX XX XIX X XX 


Figure 13. Three Different Carry-Lookahead Schemes to Implement a 24-Bit Adder 


Table 2. Comparison of Different 24-Bit and 32-Bit Adder Schemes. 


[Resource | FO2aDba4 | FCSADD24 | FCAADD24 | FOBADD2 | FC3ADDI2 | FCHADDO2 
reteused [are aie aes ar 


--24-bit Fast Carry lookahead adder with 4-bit groups 


LIBRARY IEEE; 
USE ITEEE.STD_LOGIC_1164.ALL; 


USE work.add2wc_pkg.all; 
USE work.add2nc_pkg.all; 


ENTITY fc4add24 IS 
PORT ( 


A23,A22,A21,A20,A19,A18,A17,A16,A15,A14,A13,A12, 

A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0 : IN STD_LOGIC; 

B2spe22; BAL; B20,B19; B18, Bl], BL6,; B15, Bia, BLS, Bil2, 

Bli;BLO, Bo, BS,B/,;B6,B5,B4;,B3,B2,81,B0. ¢ 2N STDULOGIC; 

Gio os) ZEN STD LOGIC; 

CO: 2 OUT STD LOGIC; 

SUM23 , SUM22, SUM21,SUM20,SUM19,SUM18,SUM17,SUM16,SUM15,SUM14,SUM13,SUM12,SUM11,SUM10,SUM9, SUM8 
, SUM7, SUM6, SUM5, SUM4, SUM3,SUM2,SUM1,SUMO: OUT STD_LOGIC) ; 


END fc4add24; 
ARCHITECTURE fc4add24arch OF fc4add24 IS 


SIGNAL E1,E2,E3,E4,E5 : STD_LOGIC; 

SIGNAL R1,R2,R3,R4,R5 2 67) LOGIC; 

SIGNAL C27C4,C6;C8,C10,C12;,C14,Ci6,C18,;C20 C22 2 STD LOGIC: 

attribute synthesis_off of C2,C4,C6,C8,C10,C12,C14,C16,C18,C20,C22 : signal is true; 
attribute synthesis_off of E1,E2,E3,E4,E5 : signal is true; ; 

attribute synthesis_off of R1,R2,R3,R4,R5 : signal is true; 


BEGIN 
11: add2wc PORT MAP 


CI,A1,A0,B1,B0,SUM1,SUM0,C2) ; 
12: add2nc PORT MAP (C2,A3,A2,B3,B2,SUM3,SUM2) ; 


( 

( 
i3: add2wc PORT MAP (C4,A5,A4,B5,B4,SUM5,SUM4,C6) ; 
14: add2nc PORT MAP (C6,A7,A6,B7,B6,SUM7,SUM6) ; 
( 
( 
( 
( 


15: add2wc PORT MAP (C8,A9,A8,B9,B8,SUM9,SUM8,C10) ; 
16: add2nc PORT MAP (C10,A11,A10,B11,B10,SUM11,SUM10) ; 


17: add2wc PORT MAP (C12,A13,A12,B13,B12,SUM13,SUM12,C14) ; 
18: add2nc PORT MAP (C14,A15,A14,B15,B14,SUM15,SUM14); 
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19: add2wc PORT MAP (C16,A17,A16,B17,B16,SUM17,SUM16,C18) ; 
i110: add2nc PORT MAP (C18,A19,A18,B19,B18,SUM19,SUM18) ; 


i11: add2wc PORT MAP (C20,A21,A20,B21,B20,SUM21,SUM20,C22); 
112: add2wc PORT MAP (C22,A23,A22,B23,B22,SUM23,SUM22,Co) ; 


El <= (A3 AND B3) 
OR ((A2 AND B2) AND (A3 OR B3)) 
OR ((Al AND B1) AND (A2 OR B2) AND (A3 OR B3)) 
OR ((AO AND BO) AND (Al OR B1) AND (A2 OR B2) AND (A3 OR B3)); 


Rl <= (A3 OR B3) AND (A2 OR B2) AND (Al OR B1) AND (AO AND BO); 
C4 <= El OR (R1 AND CI); 


E2 <= (A7 AND B7) 
OR ((A6 AND B6é) AND (A7 OR B7)) 
OR ((A5 AND B5) AND (A6 OR B6) AND (A7 OR B7)) 
OR ((A4 AND B4) AND (A5 OR B5) AND (A6 OR B6) AND (A7 OR B7)); 


R2 <= (A7 OR B7) AND (A6 OR B6) AND (A5 OR B5) AND (A4 AND BA4); 


C8 <= E2 OR (El AND R2) OR (R2 AND R1 AND CI); 


E3 <= (A111 AND B11) 
OR ((A10 AND B10) AND (A111 OR B11)) 
OR ((A9 AND B9) AND (A10 OR B10) AND (Ail OR B11)) 
OR ((A8 AND B8) AND (A9 OR BY) AND (A10 OR B10) AND (A11 OR B11)); 


R3 <= (All OR B11) AND (A10 OR B10) AND (A9 OR B9) AND (A8 AND B8); 


C12 <= E3 OR (E2 AND R3) OR (E1 AND R3 AND R2) OR (R3 AND R2 AND R1 AND 
CL) 


B4 <= (A15 AND B15) 
OR ((A14 AND B14) AND (A15 OR B15)) 
OR ((A13 AND B13) AND (A14 OR B14) AND (A15 OR B15) ) 
OR ((A12 AND B12) AND (A13 OR B13) AND (A14 OR B14) AND (A15 OR B15)); 


R4 <= (A1L5 OR B15) AND (A14 OR B14) AND (A113 OR B13) AND (A12 AND B12); 


Clo <= E4 OR (E3 AND R4) OR (E2 AND R4 AND R3) OR (E1 AND R4 AND R3 AND R2) 
OR (R3 AND R2 AND R1 AND CTI); 


E5 <= (A19 AND B19) 

OR ((A18 AND B18) AND (A19 OR B19)) 

OR ((A1l7 AND B17) AND (A18 OR B18) AND (A19 OR B19)) 

OR ((A1l6 AND B16) AND (A17 OR B17) AND (A118 OR B18) AND (A19 OR B19)); 
R5 <= (A19 OR B19) AND (A18 OR B18) AND (A17 OR B1i7) AND (Al6 AND B16); 


C20 <= E5 OR (EB4 AND R5) OR (E3 AND R5 AND R4) OR (E2 AND R5- AND R4 AND 
R3) OR (El AND R5 AND R4 AND R3 AND R2) OR (R5 AND R4 AND R3 AND R2 AND 
Rl AND CI); 


END fc4add24arch; 
Equality Comparators OR (A1 XOR B1) 


| OR (AO XOR B0)) 
Equality comparators are used often to compare the value of — ; 
two operands. Equality comparators are built using the Ex- This implementation takes 8 PTs. Figure 14 shows the block 
clusive-OR gate as the building block. A bit-wise comparison diagram for EQCOMP4. NEQCOMP4 is the 4-bit non-equality 


of the two data streams is done using XOR gates and each comparator. The EQCOMP4 is implemented as an inverted 
of the individual results are OR-ed together to obtain the final version of the NEQCOMP4. The NEQCOMP4 element takes 
result. 8 PTs and the EQCOMP4 takes 16 PTs. The FLASH370i 
: ; : CPLD has a polarity control in the macrocell and can create 
EQCOMP4: 4-Bit Equality Comparator the EQCOMP4 element using the NEQCOMP4 element, re- 
The EQCOMP4 is a 4-bit equality compare element. The sulting in a implementation with a reduced product term 

model can be described as: count. 
EQ = NOT ((A3 XOR B3) The equality comparator for all bit sizes greater than 8 takes 
OR (A2 XOR B2) more than 16 PTs to produce the result and takes two passes, 
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Block Diagram of a 4-Bit Equality Compare 


Figure 14. 


since the FLASH370i CPLD architecture takes in a maximum 
of 16 PTs into one macrocell. 


EQCOMP24: 24-Bit Equality Comparator 


The EQCOMP?24 uses three EQCOMP8s in parallel and com- 
bines the results of the three components to produce the re- 
sult. This takes two passes through the logic array, 4 MCs, 
and 49 PTs. The block diagram of this model is shown in 


Figure 15. 

A7..0 
EQCOMP8 

B7..0 

A15..8 


EQCOMP8 


EQCOMP8 


Figure 15. Block Diagram of a 24-Bit Equality Compare 


-- Flattened version of the Magnitude comparator 


LIBRARY IEEE; 
USE IEBE.STD_LOGIC_1164.ALL; 


USE work.std_arith.all; 
ENTITY magcomp IS 


PORT ( 
A,B : IN STD_LOGIC_VECTOR (7 DOWNTO 0); 
MAG : OUT STD_LOGIC) ; 


END magcomp; 

ARCHITECTURE magarch OF magcomp IS 
BEGIN 
MAG qe 
END magarch; 


WHEN (A < B) ELSE '0'; 
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Magnitude Comparators 


Magnitude comparators are also widely used in the industry 
in comparing values of two operands. The magnitude com- 
parators provide information if a signal is greater than (>), or 
less than (<) another signal of the same length. 


MAGCOMPS: 8-Bit Magnitude Comparator 


This is the generic implementation of a magnitude compara- 
tor and does a bit-wise comparison, similar to that of the 
equality comparison. However, in the case of a magnitude 
comparator the results of a bit-wise comparison are to be 
retained and passed onto the succeeding set of bits. This 
passage of information continues and tends to increase the 
resource utilization of the design exponentially. 


The VHDL implementation of an 8-bit magnitude comparator 
is shown here. The design takes 255 PTs and fits in two pass- 
es through the logic array. The block diagram of MAGCOMP8 
is shown in Figure 16. 


A7..0 
MAG 
B7..0 


Figure 16. Block Diagram of an 8-Bit Magnitude 
Compare 


i 
C) 


YPRESS 


A fully flattened implementation of a magnitude comparator 
would take (2" - 1) PTs to implement. It is, however, not rec- 
ommended to use the fully-flattened version of the magnitude 
comparator for any bit-size greater than 4 bits. This is to en- 
sure that there is no sum-splitting involved in the equations. 
There are other means to achieve better results and the best 
scheme is presented next. 


FB2MGCMP8: 8-Bit Borrow-Lookahead 
Magnitude Comparator 


The block diagram of a 8-bit magnitude compare is shown in 
Figure 17. 


MAG 


Figure 17. Block Diagram of an 8-Bit Magnitude Compare 


This scheme uses a different approach to compare the mag- 
nitudes of two binary bit vectors. As an example, the scheme 
is illustrated for a 8-bit magnitude comparator. The 4 MSB bits 
of the bit vectors A[7:0] and B[7:0] are called Ay and By, 
respectively. Similarly, the 4 LSB bits are referred to as Ay and 
B, respectively. The bit vector A is greater than B if (Ay > By) 
or if (Aj = By) and (A; > B,). 


It is evident from the set of equations in Figure 18 that the 
magnitude comparison of two binary bit vectors can be done 
by evaluating the values of Gy, G_ and Pry. Gy and G, are 
the generate functions for the MSHalf (most significant half) 
and the LSHalf (least significant half) for the two bit vectors 
and Py is the propagate function for the MSHalf. This scheme 
is a stripped down version of the borrow-lookahead scheme 
used to build fast subtracters. In this implementation we need 
to determine the values of the generate and propagate func- 
tions for the bit vectors and need not produce any of the dif- 
ference results. The borrow-out signal determines the output 


Au AL 


A[7:0] X X X XIX XX X (A>B) 


BI7:0)  XXXXIXXXX 


Bu B. 
(Av >Bu) (A, >B_) oe 
(Ay/=By) 


Efficient Arithmetic Designs Targeting FLASH370i CPLDs 


of the magnitude comparison. If the borrow-out is a ‘1’ then 
(A < B), else (A q B). 


This scheme allows for a fast and efficient means to do mag- 
nitude comparisons. Magnitude Comparators up to 32 bits 
can be built to produce the result in just 2 passes. The number 
of PTs used is also substantially less than the ‘flattened’ im- 
plementation of the magnitude comparators. 


The discussion presented earlier on group-sizes can also be 
extended here. The group-size over which the propagate and 
generate functions are generated can be varied to be 2, 3 or 
4. In all cases the design takes 2 passes to produce the de- 
sired result. The various values of Es and Rs are generated 
in the first pass and the value of the borrow-out in the second 
pass. However, there is a trade-off between the number of 
PTs and MCs used among the different group-sizes chosen. 
A comparison between these different implementations is dis- 
cussed later. 


The number of PTs used to implement the Py (propagate) 
function can be halved if ‘OR’ gates are used instead of ‘XOR’ 
gates. This was mentioned earlier in the discussion on car- 
ry-lookahead. This extension makes the implementation of 
the borrow-lookahead magnitude comparator fast and effi- 
cient. 


Comparison of Two Implementations of a 12-Bit Magni- 
tude Compare 


Two different implementations of a 12-bit magnitude compar- 
ator are shown here. The first implementation is an extension 
of MAGCOMP4. The second implementation uses the bor- 
row-lookahead scheme and is built using borrow-lookahead 
over a group-size of 2 bits. This comparison illustrates the 
advantage of using FB2MGCMP12 over the simple 
MAGCOMP12. 


The block diagram of MAGCOMP'12 is shown in Figure 19. 
The flattened version of MAGCOMP12 takes (2!* - 1) PTs. 
This is a large amount of logic and will not fit into any of the 
FLASH370i CPLDs. The MAGCOMP 12 with the synthesis_off 
attribute on the intermediate signals uses 44 unique PTs, but 
is very slow and takes 11 passes through the array. 


= (Ay > By) + ((Ay/=By) * (AL>B,)) 


Gu Py Gr. 


Gu + Py * Gr, 


Figure 18. Bit Vector Magnitude Comparison Equations 
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Figure 19. Block Diagram ofa 12-Bit Magnitude Compare 


The block diagram of FB2MGCMP12 is shown in Figure 20. 
The VHDL code for this design is also shown here. This de- 
sign takes just two passes through the array and uses 36 
unique PTs. The various values of Es and Rs are generated 
in the first pass and the value of the borrow-out in the second 
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pass. Each of the Es uses 3 PTs and Rs 2 PTs and the output 
MAG takes 6 PTs. This is clearly a much better implementa- 
tion than the MAGCOMP 12. 


A11..0 


MAG 
B11..0 


Figure 20. Block Diagram of a 12-Bit 
Magnitude Compare with Borrow-Lookahead 


--The borrow-lookahead principle using 2-bit groups was used to build this 


--element 


LIBRARY IEEE; 
USE IEEE.STD_LOGIC_1164.ALL; 


ENTITY fb2mgempl12.IS — 

PORT ( 
A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0: 
Bil, BLO; Bo, BS Bl, 36; B5,;B4,53; B82, 81,802 

MAG: OUT STD_LOGIC) ; 
END fb2mgcemp12; 


ARCHITECTURE archfb2mgcemp12 OF fb2mgcemp1i2 IS 


SIGNAL E0,E1,E2,E3,E4,E5 
SIGNAL RO,R1,R2,R3,R4,R5 
SIGNAL BO 


STD LOGIC; 


STD_LOGIC; 
STD_LOGIC; 


attribute synthesis_off of E0,E1,E2,E3,E4,E5 
attribute synthesis_off of RO,R1,R2,R3,R4,R5 


BEGIN 

EQ <= (NOT Al AND B1) OR ((NOT Al OR B1) AND 
RO <= (NOT Al OR B1) AND (NOT AO OR BO); 
El <= (NOT A3 AND B3) OR ((NOT A323 OR B3) AND 
Rl <= (NOT A3 OR B3) AND (NOT A2 OR B2); 
E2 <= (NOT AS AND BS) OR ((NOT A5 OR BS) and 
R2 <= (NOT A5 OR B5) AND (NOT A4 OR B4); 
E3 <= (NOT A7 AND B7) OR ((NOT A7 OR B7) AND 
R3 <= (NOT A7 OR B7) AND (NOT A6 OR B6); 
E4 <= (NOT AY AND B9) OR ((NOT AQ OR BY) AND 
R4 <= (NOT AQ OR B9) AND (NOT A8 OR B8); 
E5 <= (NOT All AND B11) OR ((NOT All OR B11) 
R5 <= (NOT All OR B11) AND (NOT A10 OR B10); 
BO <= E5 OR 

(R5 AND E4) OR 

(R5 AND R4 AND E3) OR 

(R5 AND R4 AND R3 AND E2) OR 

(R5 AND R4 AND R3 AND R2 AND E1) OR 

(R5 AND R4 AND R3 AND R2 AND R1 AND EO); 
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(NOT AO 


(NOT A2 


(NOT A4 


(NOT A6 


(NOT A8 


AND 


LN 81D LOGIC; 
IN STD_LOGIC; 


Signal is true; 
signal is true; 


AND BO)); 
AND B2)); 
AND BA) ); 
AND B6é) ); 
AND B8) ); 


(NOT A10 AND B10)); 


MAG <= ‘1’ WHEN (BO = ‘/1') ELSE ‘'Q’; 
~-MAG is a ‘1’ if BoA 


END archfb2mgcmpl12; 


A comparison between 2-, 3-, and 4-bit group sized imple- 
mentation of a 12-bit magnitude comparator based on the 
borrow-lookahead scheme is shown in Table 3. As mentioned 
before, the number of passes through the logic array is the 
same for all group-bit-sizes. The number of PTs and MCs 
used vary as shown in the table. The user has a wide choice 
and needs to choose the right group-size depending on the 
application. 


Table 3. Comparison of a 12-Bit Magnitude Compare 
between Different Group-Sizes. 


Three-Output Comparators 


The discussion on magnitude comparators has so far been 
restricted to the values of less than (<) and greater than or 
equal to (q) only. The discussion in this section talks about 
producing all three outputs, namely ‘<’, ‘>’ and ‘=’. 


FB2EQMCMP12: 12-Bit Borrow-Lookahead Three-Output 
Magnitude Comparator Using 2-Bit Groups 


This model combines all the concepts discussed in the mag- 
nitude comparator section into one design. This uses bor- 
row-lookahead, 2-bit groups, and also produces three out- 
puts. The block diagram of this model is shown in Figure 27. 
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A11..0 GT 
LT 
B11..0 EQ 


Figure 21. Block Diagram of a 12-Bit Borrow-Lookahead 
Three-Output Magnitude Compare 


There are two ways in which the Borrow-lookahead principle 
can be used to achieve the functionality of a three-output 
comparator. 


1. Use two passes for ‘A < B’ and ‘A = B’ each, then use a 
third pass for A > B using the results from A < B and A= 
B. This uses 62 PTs. The EQCOMP12 required for this 
model is built using three EQCOMP4s similar to the block 
diagram shown in Figure 15. The EQCOMP12 can also be 
built using four EQCOMPs, or two EQCOMPE6s, or an 
EQCOMP8 and an EQCOMP4 or any other combination. 
As long as the EQCOMP model chosen does not 
sum-split, the value of EQCOMP12 can be realized in two 
passes using 25 PTs. 


2. Use two passes to generate all three outputs. In this im- 
plementation a set of Es and Rs is required to create a 
value of LT (A - B). Asecond set of Es and Rs is required 
to obtain the value of GT (B - A). The value of EQ is also 
produced in 2 passes along with GT and LT. This scheme 
uses 97 PTs. 


The first scheme is area efficient, but takes three passes 
though the logic array to generate the final results. The VHDL 
implementation for the first scheme is presented here. It is 
very easy to extrapolate the code for the second scheme. 


~-This VHDL code describes the implementation of a 3-output magnitude 
--comparator. The borrow-lookahead principle using 2-bit groups was used 


--to build this element 


LIBRARY IEEE; 
USE IEEE.STD_LOGIC_1164.ALL; 


ENTITY fb2eqmgcempl12 IS 
PORT ( 


A11,A10,A9,A8,A7,A6,A5,A4,A3,A2,A1,A0: IN STD_LOGIC; 
Bll) BLO, 39, BS, B/,B6,25,.84,B3,Ba2;,B14,80% IN. STD £OGic; 


BOy Ul, Gre OUT STD. BOGIC) + 
END fb2eqmgcmp12; 


ARCHITECTURE archfb2eqmgcemp12 OF fb2mgeqcempi2 IS 


olD- LOGIC; 
oi LOGICS 


SIGNAL EQ,E1,EH2,E3,E4,E5 
SIGNAL RO,R1,R2,R3,R4,R5 


SIGNAL X11,X10,X9,X8,X7,X6,X5,X4,X3,X2,X1, X0 


SIGNAL INT], INT2,- INT3: -STD LOGIC; 
SIGNAL BO : STD_LOGIC; 


2 OLD LOGIC; 
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attribute synthesis_off of E0,E1,E2,E3,E4,E5 : signal is true; 
attribute synthesis_off of RO,R1,R2,R3,R4,R5 : signal is true; 
attribute synthesis_off of INT1, INT2, INT3 : signal is true; 


BEGIN 


EQ <= (NOT Al AND B11) OR ((NOT Al OR B1) AND (NOT AO AND BO)); 
RO <= (NOT Al OR B1) AND (NOT AO OR BO); 


NOT A3 AND B3) OR 


( (NOT A3 OR B3) AND (NOT A2 AND B2)); 
R1 <= (NOT A3 OR B3) AND 

( 

( 


NOT A2 OR B2); 
(NOT A5 OR B5) and (NOT A4 AND B4)); 
NOT A4 OR B&4); 


NOT A5 AND B5) OR 


R2 <= (NOT A5 OR B5) AND 


( 
( 
( 
( 
E3 <= (NOT A7 AND B7) OR ((NOT A7 OR B7) AND (NOT A6 AND B6)); 
R3 <= (NOT A7 OR B7) AND (NOT A6 OR B6); 


E4 <= (NOT A9 AND B9) OR ((NOT AY OR BY) AND (NOT A8 AND B8)); 
R4 <= (NOT A9 OR B9) AND (NOT A8 OR B8); 


E5 <= (NOT All AND B11) OR ((NOT All OR B11) AND (NOT A10 AND B10)); 
R5 <= (NOT All OR B11) AND (NOT A110 OR B10); 


BO. <a BS: OR- + _ 
(E4 AND R5) OR 
(E3 AND R5 AND R4) OR 
(E2 AND R5 AND R4 AND R3) OR 
(El AND R5 AND R4 AND R3 AND R2) OR 


(EO AND R5 AND R4 AND R3 AND R2 AND R1); 
DT <= “SL WHEN (BOS SLs) SESE 20s s 
-~ LT is a ‘1’ if A<B 
GY? <= "1" WHEN. {ut = 10! AND EO = "0 «)} BESE -*O%'s 
eG ae ve Fee aE A eB 


X1i <= All XoR B11; 

X10 <= ALO XOR B10; 

X9 <= AY XOR BQ; 

X8 <= AS XOR B8; 

X7 <= A7 XOR B7; 

X6 <= A6 XOR B6; 

X5 <= A5 XOR B5; 

X4 <= A4 XOR B4; 

X3 <= A3 XOR B3; 

X2 <= A2 XOR B2; 

X1 <= Al XOR B1; 

XO <= AO XOR BO; 

INT1 <= (X11 OR X10 OR X9 OR X8); 
INT2 <= (X7 OR X6 OR X5 OR X4); 
INT3 <= (X3 OR X2 OR X1 OR XO); 


EQ <= NOT (INT1 OR INT2 OR INT3); 


END archfb2eqmgcemp12; 
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A number of arithmetic elements frequently used in various 
applications were presented in this application note. The un- 
derlying concepts and the final implementations for all these 
models were also presented. Designs created with an under- 
standing of the target architecture always perform better than 
generic designs. The LPM elements available in Warp are all 
geared towards obtaining the best performance, both in 
speed and area, for CPLDs. The concepts and implementa- 
tions presented in this application note are used to build the 
various LPM elements. Understanding this application note 
will enable the user to understand the LPM elements better 
and exploit their availability in the best possible manner. 


CPLDs are getting to be very popular with the programmable 
logic industry, and are widely used in DSP applications, PCs, 
Motherboards, Data Communication equipment, Multimedia, 
Instrumentation, etc. They have many advantages over other 
programmable logic devices. A few key advantages are listed 
here: 


¢ Ease of use—Simple extension of AND-OR structure of 
small PLDs like 22V10 


e Predictable timing model 
e No fanout penalty 
e Provide high speed of operation 


Efficient Arithmetic Designs Targeting FLASH370i CPLDs 


¢ Off the shelf availability 
¢ Cost effective solution 


These advantages make CPLDs an ideal platform to imple- 
ment high-performance arithmetic circuits in a cost-effective 
manner. 


FPGAs inherently have more usable gates than CPLDs and 
also provide a very fine grain architecture. The major con- 
straints to deal with FPGAs are 1/O utilization, logic utilization, 
and timing. A particular design can be literally placed in many 
different places in an FPGA because of its fine grain architec- 
ture. In CPLDs the structure is very coarse grained and this 
pushes the number of constraints higher. The typical con- 
straints to deal with arithmetic designs in CPLDs are product 
term count, macrocell count, number of inputs into a logic 
block, product term and macrocell placement, number of 
passes through logic array, and sum-splits. All of these facts 
make designing arithmetic operations with CPLDs a tougher 
task. Understanding the structure and capabilities of CPLDs 
is absolutely essential in creating efficient designs. 


With the background provided in this application note, a de- 
signer should be able to create any algorithm or implementa- 
tion for an arithmetic application. The user is strongly encour- 
aged to read the VHDL textbook written by the PLD 
applications group to get a good grasp of VHDL and using it 
to implement efficient designs in CPLDs and FPGAs. 


FLASH370i and Warp are trademarks of Cypress Semiconductor Corporation. 
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The FLASH370i™ Family Of CPLDs 
and Designing with Warp2® 


This application note covers the following topics: (1) a general 
discussion of complex programmable logic devices (CPLDs), 
(2) an overview of the FLASH370i™ family of CPLDs, and (3) 
using the Warp2® VHDL Compiler for the FLASH370i family. 


Overview of CPLDs 


CPLDs extend the concept of the PLD to a higher level of 
integration to improve system performance, use less board 
space, improve reliability, and reduce cost. Instead of making 
the PLD bigger with more input terms and product terms, a 
CPLD architecture is composed of multiple PLDs or logic 
blocks (LABs) connected together with a programmable inter- 
connect matrix (PIM). Multiple Logic Array Blocks (LABs) pro- 
vide comparable speed to a PLD because the basic propaga- 
tion path is through one LAB and each LABs product term 
array is comparable to a PLD array. Multiple LABs provide the 
higher integration. The number of LABs in a CPLD is typically 
between 2 for the smaller CPLDs and 16 for the larger ones. 
In addition to LABs interconnected by the PIM, are the in- 
put/output macrocells and the dedicated input macrocells. 
Figures 1 and 2 show the CPLD generic block diagram and 
the logic block diagram respectively. 
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Figure 1. Generic Block Diagram 
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Figure 2. Logic Block Diagram 


The architectural components of the LAB are: (1) the product 
term array, (2) the product term allocator, and (3) the macro- 
cell. The product term array is the same in the CPLD as in the 
PLD except that the inputs into the array can now also come 
from the PIM. The product term allocator is a new concept in 
the CPLD where product terms are not fixed to a macrocell 
with its associated input/output pin but can be routed to differ- 
ent macrocells depending on where they are needed. The 
result is a more efficient allocation of product terms and high- 
er integration. Implementation of the product term allocator 
varies across CPLD vendors which is more fully discussed in 
the section describing the features of the FLASH370i family. 


The macrocell accepts the single output of the product term 
allocator which is the ORing of a variable number of product 
terms. In some macrocells this input feeds into a two input 
XOR gate with the other input potentially carrying the Q feed- 
back. This configures the D flip flop to a T flip flop which can 
provide an improvement in capacity for certain designs such 
as counters. After the XOR gate, the macrocell is configurable 
as registered, combinatorial, and in some cases latched. 
There are two kinds of macrocells which are input/output ded- 
icated and buried. Dedicated macrocells output to the in- 
put/output macrocell and also provide feedback into the prod- 
uct term array. Buried macrocells only provide feedback into 
the product term array. 


The function of the PIM is to distribute the needed fraction of 
the total available resources, all outputs from the LAB and 
possibly also dedicated inputs and inputs/outputs, to the ap- 
propriate LAB. There are two common methods of PIM imple- 
mentation: array based interconnect and mux based intercon- 
nect. . 


Figure 3 shows the data path of communication between two 
LABs using the array based interconnect. In the array based 
interconnect, each output of the LAB can potentially connect 
to any number of PIM input terms through a memory element. 


macrocell 1 


LABI cell | cell 
cell cell 
macrocell 2 V V 

cell | cell 

GOES TO LAB 
PRODUCT TERM ARRAY 
SENSE AMP PIM TER 
Pl 


LAB cell] cell 
cell cell 
macrocell 2 V V 


cell 


Gai 


PIM TERM1 


SENSE AMP 


SENSE AMP 


GOES TO LAB 
PRODUCT TERM ARRAY 


macrocell 1 


ae 


The FLASH370i Family and Warp2 


connects to all PIM INPUT TERMS 


connects to all PIM INPUT TERMS 


M2 
TERM_N 
PIM TERM_N+1 


connects to all PIM INPUT TERMS 


cell connects to all PIM INPUT TERMS 


PIM INPUT TERMS CONNECTS TO ALL 
LABS 


Figure 3. Array-Based Interconnect 


Each PIM input term is assigned to a specific LAB and func- 
tions as an input term into the LABs product term array. In this 
example only four PIM input terms are shown two going to 
LAB1 and two going to LAB2. There is a sense amp per input 
term to detect the logic level, buffer the signal, and drive it into 
the LAB. The true and complement of the PIM signal feed into 
the product term array (not shown in the figure). Since every 
LAB output can connect to any PIM input, the interconnect is 
considered 100 percent routable. It never limits the ability of 
the device to fit logic. A macrocell output can connect to one 
or multiple PIM input terms. The major drawback from using 
a memory element as an interconnect is the slower propaga- 
tion delay than the muxed based interconnect. 


Figure 4 shows the data path of communication between two 
LABs using the muxed based interconnect. In the muxed 
based interconnect a mux chooses one of a number of poten- 
tial PIM input terms into the LAB. The PIM input terms differ 
from the array based interconnect in that they are output from 
a 1 of n (where “n” is the number of inputs of the mux) mux 
instead of the output of a wired nor memory array. The inputs 
into the muxes are all the outputs of the LABs as well as 
dedicated inputs and input/output pins. Figure 3 shows two 
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PIM input terms output from two 4-to-1 muxes. In this exam- 
ple, macrocell 2 from LAB1 and macrocell 2 from LAB2 both 
show 2 chances to route into the muxes with other inputs 
having only 1 chance. The wider the mux (the number of in- 
puts into the mux) the more likely all desired inputs into each 
LAB will be successfully routed and the more chances each 
signal gets to route into a LAB. The disadvantage of larger 
muxes is a larger slower propagation delay through the PIM 
and increased die size. Implementations of mux-based inter- 
connect vary in the size of the mux. 


Features of the FLASH370i CPLDs 


The FLASH370™ family of CPLDs offers densities from 2 to 8 
LABs. Figure 5 shows the block diagram of the CY7C374i/5i 
with 8 LABs. The even numbers of the family (372i,374i) bury 
half of the macrocells for maximum integration with the same 
pinout as the (371i,373i,375i) respectively. Table 1 shows the 
family members offered. 


macrocell 1 
macrocell 2 


LAB1 


TO PRODUCT 
TERM ARRAY 


PIM INPUT TERMS 


TO PRODUCT 
TERM ARRAY 


macrocell 1 
macroceli 2 


LAB2 


The FLASH370i Family and Warp2 


INPUT FROM FROM DEDICATED INPUT 
INPUT FROM ANOTHER LAB 


Figure 4. Mux-Based Interconnect 
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Figure 5. CY7C374i/5i Block Diagram 
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CY7C372i/3i CY7C374i/5i 


70 pins Gane 


Primary Packages 44—PLCC 44/84—-PLCC 84—PLCC 
100-TQFP 100/160-TQFP 


for a total of 72 inputs. 80 standard product terms are provid- 


Figures 6 and 7 show the product term array, product term ed to the product term allocator which allocates from 0 to 16 
allocator, macrocells, and input/output macrocells for the product terms to each of the 16 macrocells. Additionally, 6 
FLASHS70i family. Each LAB features 36 inputs, which can special product terms are also generated in the product term 
adequately handle 32-bit operations plus control signals with array. They are an asynchronous preset, asynchronous reset, 
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Figure 6. Logic Block for CY7C372i and CY7C374i (Register Intensive) 
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Figure 7. Logic Block for CY7C371, CY7C373, CY7C375, and CY7C377 (I/O Intensive) 


The output macrocell (Figure 8) provides a selection of four 
output controlling options: (1) control from one output enable, 
(2) control from a second output enable, (3) permanently en- 
abled, or (4) permanently disabled. Each LAB contains 4 out- 
put enable product terms, 2 for the upper 8 macrocells and 2 
for the lower 8 macrocells. 


The state macrocell (Figure 8) contains options to register, 
latch, or send data through combinatorially. For the input/out- 
put macrocell there is an additional output polarity mux to 
improve capacity before the signal goes to the input/output 
macrocell. For buried macrocells there is an additional mux 
which can configure the state register as an input register. If 
the buried macrocell is configured as an input, zero product 
terms will be allocated from the array. In Figure 8 architecture 
bit C7 can choose the feedback from the input/output pin as 
the input into the register instead of from the product term 
array. 


There is one asynchronous preset and reset product term for 
each LAB. There are polarity muxes for the clocks, preset and 
reset. Each macrocell can choose among two clocking op- 
tions for the CY7C371i/372i and four clocking options for the 
CY7C373i/374i/375i. All macrocells in a LAB receive the 
same polarity of the clock, set and reset. Polarities are con- 
figurable per LAB. Figure 8 shows the input/output macrocell 
and input/output plus buried macrocell. 


Figures 9 and 10 show the input/clock and input macrocells. 
The input macrocell provides the flexibility to let the input en- 
ter combinatorially, latched, single registered, or double reg- 
istered (for maximum metastability performance). For the 
CY7C371i/372i there are two input/clocks pins and four input 
pins. For the CY7C373i/374i/375i there are four input/clock 
pins and two input pins. For added flexibility, each clock can 
be configurable for either positive or negative polarity. 
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In order to fully understand the operation of the FLASH370i 
product term allocator, two important aspects of product term 
allocator design need to be introduced: product term steering 
and product term sharing. Steering refers to the assignment 
of a product term resource to a macrocell. In the traditional 
PLD there is no steering flexibility. Each macrocell has as- 
signed product terms that can only be used by that macrocell. 
In many designs each macrocell requires a different number 
of product terms putting an emphasis on the ability to allocate 
product terms individually on an as needed basis. Product 
term sharing refers to a product term being used by multiple 
macrocells. The logic equations for different macrocells 
sometimes contain the same minterm. Instead of generating 
this same minterm multiple times, it is generated on only one 
product term and shared across macrocells, thereby improv- 
ing capacity. 


Figure 11 is a conceptual representation of the FLASH370i 
product term allocator. The product term allocator functions 
like a segmented OR array by ORing from 0 to 16 product 
terms for each macrocell. Product terms can be steered and 
shared on an individual basis. This architecture has several 
advantages over other implementations that steer product 
terms away from one macrocell to serve another. 
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Figure 12 is a conceptual representation of the MACH™ 


product term allocator. It shows no ability to share product 


can route to only one macrocell. The product terms are routed 
terms across macrocells. Each cluster of four product terms 


in groups of four which is a much higher granularity of product 
term allocation and not as efficient 
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To demonstrate this inefficiency, consider a macrocell that 
needs five product terms to implement its logic. Two product 
term clusters with a total of eight available product terms are 
needed. This wastes the resources of three product terms 
from the borrowed cluster since these product terms can not 
be rerouted to another macrocell. 


The MAX7000™ product term allocator representation (Fig- 
ure 13) shows the use of expander terms. Expander terms 


Parallel Logic 
Expanders 


To Macrocell 


Shared 
Expanders 
Added delay 


Figure 13. MAX Product Term Allocator 
Representation 


allow two passes through the array which can produce very 
high capacity. These expanders are also shared among all 
product terms in the LAB. The problem with using the expand- 
ers is in the additional propagation delay of two passes 
through the array. This complicates the timing model and links 
the performance of the device to the use of the expander 
product terms. As with the MACH product term allocator, the 
MAX7000 allocator also has five product term clusters. It 
therefore suffers from the same problem of product term 
wasting when more than one cluster is routed to a macrocell. 


The FLASH370i product term allocator provides the most ef- 
fective method of steering and sharing product terms. The 
propagation of signals through the product term allocator is 
independent of the number of product terms allocated to each 
macrocell. Additionally the flexibility of this product term allo- 
cator, with the PIM, enables a change in the design without a 
modification to the external pinout of the device. There is no 
need for input and output switch matrices, which add extra 
delay and degrade performance. 


The timing model of the FLASH370i family is far simpler than 
for other CPLD solutions for two reasons. First, all input sig- 
nals into the LAB pass through the PIM. This includes all in- 
put/outputs, feedbacks from macrocell outputs, and dedicat- 


5-144 


The FLASH370i Family and Warp2 


ed inputs. Secondly, the propagation time through the product 
term allocator is independent of the number of product terms 
allocated to a macrocell. As a result, there are no expander 
delays, no dedicated versus input/output pin delays, no pen- 
alties for using up to 16 product terms, or no delay penalties 
for steering and or sharing product terms. The FLASH37Oi 
family of products provides timing as predictable as PLDs like 
the 22V10. 


The PIM in the FLASH370i was designed to approach the 100 
percent routability of the array based interconnect but not 
made so wide that performance and die size suffered. 


Using Warp™ to Design with the FLASH370i 


Development software is extremely important for ease of use 
and efficiency of resource allocation when designing with 
CPLDs. Cypress offers two software packages that will fully 
support the FLASH370i family of products as well as all other 
PLDs and state machine PROMs. Warp2 provides full VHDL 
language support which is becoming the industry standard for 
describing hardware design. A functional simulator is also 
provided. Warp3® additionally includes schematic capture 
and exact timing simulation capability. 


The simplified timing model of the FLASH370i often makes 
exact timing simulation unnecessary because performance 
can be predicted directly from the datasheet. Therefore the 
functional simulator of Warp2 may be a cost effective design 
solution. With Warp no manual intervention for fitting the de- 
signs into the devices are necessary. In addition to Warp, cus- 
tomers also have third party support from a variety of vendors. 


Warp products take in VHDL designs and automatically fit 
them into the chosen device. The following section explains 
how to exploit the special features of the FLASH370i with 
VHDL. A thorough treatment of VHDL constructs is found in 
the Warp2 Reference Manual. Topics covered here are: (1) 
using the single/double registered options for the dedicated 
inputs, and registering signals from the IO pins, (2) using the 
clock polarity mux feature, (3) describing registered versus 
latched versus combinatorial outputs, (4) using the output en- 
able feature, (5) using the asynchronous preset/reset feature, 
and (6) Using the buried registers as for the (372/4/6). 


To register the dedicated inputs one or two signals must be 
defined to represent the additional nodes for one and two 
registers respectively. Appendix A demonstrates how to use 
single and double registered inputs for a 4 bit loadable 
counter. In proc2, RESET1 and RESET2 are the outputs of 
the first and second registers. It requires 2 passes through 
proc2 to activate RESET2. Signal RESET2 is then used in 
proc? to perform the reset. Proc2 additionally registers the 
data to be loaded with the statement regin <=temp.dat. 
The signal REGIN is then used in process Proc7 to load the 
counter with the statement temo.cnt <= regin. If the 
same clock is used for the inputs as for the state registers, 
then the statements in process proc2 could be incorporated 
into proc? and only one process is needed. The assignment 
of the entity output pins is handled by the instantiation of the 
bufoe component (called in the statement use work. rtlp- 
kg.all1), which takes the signal TEMP.CNT as input and 
transfers it to the output (in this case called COUNT) when the 
output enable control (called OUTEN) is HIGH. Registering 
the inputs from the input/output pins is better suited for the 
372/374/376 members of the family since the signal does not 
need to go through the PIM and logic block. 


Clocking on the falling instead of the rising edge of the clock 
is simply done by changing the statement wait until (clk 
= '1’) towait until (clk = '0’). Events occurring 
on the rising and falling edge of a clock can be incorporated 
into the same design by defining a separate process for the 
event, provided that sufficient logic blocks are available. 


VHDL describing combinatorial and registered outputs is 
identical to other part implementations as with the FLASH370i. 
The registered equations must be inserted inside a process 
and aftera wait until clock= statement. 


Appendix B shows an example of how to implement the com- 
binatorial macrocell option with maximum usage of output en- 
able flexibility for the CY7C371. A total of eight different input 
signals control the output enable functionality. The entire 
function is handled by the bufoe component where the input 
into the buffer is the external input pin. No signals are neces- 
sary. 


The latch option is unique to the FLASH370i family. Appendix 
C shows an example of how to latch a signal using the 
IF-THEN-ELSE construct. In this example the signal is 
latched when the clock is HIGH by setting the signal value to 
itself with the statements signala <= signala and sig- 
nalb <= signalb. When the clock is LOW the path is 
combinatorial and the signal value gets the input. This is han- 
dledinthe code if clk='’0’ then signala <= inputa; 
signalb <= inputb. Two signals are defined, SIGNALA 
and SIGNALB, to latch the data when the clock is in the right 
polarity (in this case HIGH). 


Appendix D shows the full registered configuration. As in Ap- 
pendix C, the signals SIGNALA and SIGNALB are defined 
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and the function of the register is defined within a process. On 
the rising edge of the clock, SIGNALA gets INPUTA and SIG- 
NALB gets INPUTB. 


Appendix E uses latches for the output enable control. Sig- 
nals need to be generated from the array and are passed as 
the output enable parameter into the triout component. This 
function behaves similarly to the bufoe but does not include 
the feedback parameter. 


Appendix F shows how to use the buried registers to imple- 
ment the least significant bits in a counter. A bit vector signal 
is defined to represent all the register states. Those states 
that are needed as outputs are assigned to the entity output 
pins outside of the process with the statement count (0 to 
11) <= fullent (4 to 15). If output enable control is 
desired then this last statement is omitted and the signal to 
output assignment is handled with the bufoe component. 


Appendix G is the same as Appendix F except that the regis- 
ters are reset asynchronously. The format of the process is 
much different from Appendix F but functions exactly the 
same except for the asynchronous instead of synchronous 
reset. The process uses a “sensitivity list” that includes all the 
parameters that will activate the process. The synchronous 
part of the process is initiated by the statement clk’ event 
and clk='1’ insteadofwait until clk=’1’.Theasyn- 
chronous preset/reset is similar to other Cypress PLDs ex- 
cept for the additional polarity mux feature that enables active 
HIGH or LOW. To specify clock polarity, the VHDL construct 
for active HIGH is if reset = ‘1’ then and for active 
LOW isif reset = ’0’ then. 
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Appendix A. inregcnt 


-- The bufoe port map parameters are: 

-- bufoe port map(Signal going to the input of the tristateable buffer, 
-- tristate control signal, 

-- the output signal that is the entity output pin, 

-- the feedback signal from the entity input/output pin) 

-- In this example the last entry is “open” meaning no feedback. 


USE work.bv_math.all; -- necessary for inc_bv(); 
USE work.rtlpkg.all; -- necessary for bufoe 


ENTITY inregent IS 
PORT (clk, clkin, reset, load, outen: IN bit; 
count: INOUT x012 VECTOR 0 “2O-3:).)s 
END inregcnt; 


ARCHITECTURE behavior OF inregcnt IS 
TYPE bufRec IS -~ record for bufoe 
RECORD | -- inputs and feedback 
cnt: bit _vector(0 TO 3); 
dat: bit_vector(0 TO 3); 


END RECORD; 

SIGNAL temp: bufRec; 

SIGNAL regin: bit_vector(0 to 3);-- for registering input loaded data 
SIGNAL resetl, reset2:bit; -- for registering the reset input 
CONSTANT counterSize: integer := 3; 

BEGIN 

gl: FOR i IN 0 TO counterSize GENERATE 


bx: bufoe PORT MAP(temp.cnt(i), outen, count(i), temp.dat(i)); 
END GENERATE; 
proci: PROCESS 


BEGIN 
WALT: UNTIL: AChR ee 2 
IF reset2 = ‘1’ THEN -- uses the double registered signal 
temp.cnt <= “0000"; 
ELSIF Load = 41 THEN 
temp.cnt <= regin; -- uses the single registered signal 
ELSE 
temp.cnt <= inc_bv(temp.cnt); -- increment bit vector 
END IF; 
END PROCESS; 
-- Proc2 single registers the load operation and double registers the reset -- oper- 


ation. Note the two clkin’s are needed for the double register. 
proc7: “PROCHSS 


BEGIN 
WADI? (UND elke re es 
regin <= temp.dat; --single register for data load 
resetl <= reset; --single register the reset signal 


reset2 <= resetl;--double register the reset signal 
END PROCESS; 
END behavior; 
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Appendix B. usecomb 


--uses the full functionality of the oe features of the 371. 
--macrocell is in combinatorial mode 


USE. work. rtlpkg.all; 


ENTITY usecomb IS 
PORT (outenl, outen2, outen3, outen4, outend, outen6, outen7, 
outen8; IN bit; inputa, inputb: IN bit_vector(0 to 1); 
Cutaoutb: INOUT x0l2 vector (to: 7))3 
END usecomb; 


ARCHITECTURE behavior OF usecomb IS 


BEGIN 

gl: FOR i IN 0 TO 1 GENERATE 
bx1l: bufoe PORT MAP(inputa(i), outenl, outa(i), open); 
bx2: bufoe PORT MAP(inputa(i), outen2, outa(i+2), open); 
bx3: bufoe PORT MAP(inputa(i), outen3, outa(i+4), open); 
bx4: bufoe PORT MAP(inputa(i), outen4, outa(i+6), open); 
bx5: bufoe PORT MAP(inputb(i), outen5, outb(i), open); 
bx6: bufoe PORT MAP(inputb(i), outen6, outb(i+2), open); 
bx7: bufoe PORT MAP(inputb(i), outen7, outb(i+4), open); 
bx8: bufoe PORT MAP(inputb(i), outen8, outb(i+6), open); 


END GENERATE; 
END behavior; 
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Appendix C. uselatch 


--uses the full functionality of the oe features of the 371. 
--macrocell in latched mode 


USE work.rtlpkg.all; 


ENTITY uselatch IS 
PORT (clk, outenl, outen2, outen3, outen4, outend5, outen6, outen’7, 


outen8: IN bit; 
inputa, inputb: IN bit_vector(0 to 1); 
outa,outb: INOUT x01z_vector(0 to 7)); 
END uselatch; 


ARCHITECTURE behavior OF uselatch IS 
SIGNAL signala, sSignalb: bit_vector(0 to 1); 


BEGIN 

Gass FOR i IN 0 TO 1 GENERATE 
bx1: bufoe PORT MAP(Signala(i), outenl, outa(i), open); 
bx2: bufoe PORT MAP(signala(i), outen2, outa(i+2), open); 
bx3: bufoe PORT MAP(signala(i), outen3, outa(i+4), open); 
bx4: bufoe PORT MAP(signala(i), outen4, outa(i+6), open); 
bx5: bufoe PORT MAP(signalb(i), outen5, outb(i), open); 
bx6: bufoe PORT MAP(signalb(i), outen6, outb(i+2), open); 
bx7: bufoe PORT MAP(signalb(i), outen7, outhb(i+4), open) ; 


bx8: bufoe PORT MAP(signalb(i), outen8, outb(i+6), open); 
END GENERATE;--the clk input is an active low latch enable 
-~-the if then construct must be within a process. 
PROCESS 
BEGIN 
IF clk=’0’ then 
Signala <= inputa; 
Signalb <= inputb; 
ELSE 
Signala <= signala; 
Signalb <= signalb; 
END IF; 
END PROCESS; 
END behavior; 
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Appendix D. usereg 


--macrocell in registered mode 


ENTITY usereg IS 
PORT (clk, outenl, outen2, outen3, outen4, outend5, outen6, outen’7, 
outen8: IN bit; inputa, inputb: IN bit_vector(0 to 1); 
outa,outb: INOUT x01z vector(0O to 7)); 
END usereg; 


ARCHITECTURE behavior OF usereg IS 
SIGNAL signala, signalb: bit_vector(0 to 1); 


bx6: bufoe PORT MAP(signalb(i), outen6, outb(i+2), open); 
bx7: bufoe PORT MAP(signalb(i), outen7, outb(i+4), open); 
bx8: bufoe PORT MAP(signalb(i), outen8, outb(i+6), open); 
END GENERATE; --the clk input is a rising edge triggered clock for 
--the register 
--the wait until construct must be within a process. 
PROCESS 
BEGIN 
WAIT “UNTO. Cb ket Is’ 
Signala <= inputa; 
Signalb <= inputb; 
END PROCESS; 
END behavior; 


BEGIN 
Gk FOR 1 IN O TO 1 GENERATE 
bx1: bufoe PORT MAP(signala(i), outenl, outa(i), open); 
bx2: bufoe PORT MAP(signala(i), outen2, outa(i+2), open); 
bx3: bufoe PORT MAP(signala(i), outen3, outa(i+4), open); 
bx4: bufoe PORT MAP(signala(i), outen4, outa(i+6), open); 
bx5: bufoe PORT MAP(signalb(i), outen5, outb(i), open); 
( ( 
( ( 
( 
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Appendix E. uselatch2 


--This file shows the use of the triout component to perform the 
--output enable function. 


--COMPONENT triout 


-- port ( 

-- x: IN bit; -- input to buffer 
-— oe: IN bit; -- output enable 
-- y: OUT bit); -- output 


--END component 


--The oe control is a function of the dedicated inputs and is latch 
--controlled. 


USE work.rtlpokg.all; --to instantiate triout component 


ENTITY uselatch2 IS 
PORT (clk1, clk2, in_oel, in_oe2: IN bit; 
inputa, inputb: IN bit_vector(0 to 1); 
outa, OULD* INOUT x01z -vector(0 to 7))+ 
END uselatch2; 


ARCHITECTURE behavior OF uselatch2 IS 

SIGNAL signala, signalb: bit_vector(0 to 1); 
SIGNAL sig_enl, sig_en2, sig_en3, sig_en4: bit; 
BEGIN 

gl: FOR i IN 0 TO 1 GENERATE 


bx1: triout PORT MAP(sSignala(i), sig_enl, outa(i)); 

bx2: triout PORT MAP(signala(i), sig_en2, outa(i+2)); 
bx3: triout PORT MAP(signala(i), sig_en3, outa(i+4)); 
bx4: triout PORT MAP(signala(i), sig_en4, outa(i+6)); 
bx5: triout PORT MAP(signalb(i), Sig_enl, outa(i)); 

bx6: triout PORT MAP(signalb(i), Sig_en2, outa(i+2)); 
bx7: triout PORT MAP(signalb(i), sig_en3, outa(i+4)); 
bx8: triout PORT MAP(signalb(i), sig _en4, outa(i+6)); 


END GENERATE; 


--The clock latches the data when high and is combinatorial when low 
oecontrol: PROCESS 
BEGIN 
LP elk: 0 “then 
sig_enl <= not(in_oe2) and not (in_oel); 
Sig_en2 <= not(in_oe2) and in_oel; 
Sig_en3 <= in_oe2 and not(in_oel); 
Sig_en4 <= in_oe2 and in_oel; 
Bi Bi 
Sig_enl <= sig_enl; 
Sig_en2 <= sig_en2?2; 
Sig_en3 <= sig_en3; 
Sig_en4 <= sig_en4; 
END IF; 
END PROCESS; 


latch: PROCESS 
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Appendix E. uselatch2 (continued) 


Le elko= 60" then 


Signala 
Signalb 
ELSE 
Signala 
Signalb 
BND: E+} 
END: (PROCESS: 


END behavior; 


<= inputa; 
<= inputb; 


<= Signala; 
<= Signalb; 
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Appendix F. buriedreg 


The purpose of this example is to show how to use the 
buried registers to create a 16 bit counter. The 12 

most significant bits are assigned to i/o registers 

and the 4 least significant bits go to the buried registers. 


USE work.bv_math.all; -- necessary for inc_bv(); 


ENTITY buriedreg IS 
PORT (clk, reset: IN BIT; 
count: <INOUT  bat-vector(0 TO 121) 4 


END buriedreg; 


ARCHITECTURE behavior OF buriedreg IS 
SIGNAL fullent : bit _vector(0 to 15); 


BEGIN 
PROCESS 
BEGIN 
WALT UND: (elk. =. 72) 3 
IF reset = ‘1’ THEN 
FOR i IN 0 TO 15 LOOP 
Phen e ta)! ee Pees 

END LOOP; 


-- synchronous reset 


ELSE 
fullent: ==] Ane: oy Chul lent) 


END: IF; 


END PROCESS; 
Count tO to 21). 2= Palblene( 4: to: LS) 


END behavior; 
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Appendix G. buriedreg2 


-- The purpose of this example is to show how to use the 

-- buried registers to create a 16 bit counter. The 12 

-- most significant bits are assigned to i/o registers 

and the 4 least significant bits go to the buried registers. 

-- This example also demonstrates how to do an asynchronous reset. 


USE work.bv_math.all; -- necessary for inc_bv(); 


ENTITY buriedreg2 IS 
PORT (clk, reset: IN BIT; 
count: inout bit_vector(0 TO 11)); 


END buriedreg2; 


ARCHITECTURE behavior OF buriedreg2 IS 
SIGNAL fullcnt : bit_vector(0 to 15); 


BEGIN 
PROCESS (clk, reset)--Sensitivity list 
BEGIN 
IF reset = ‘1’ THEN 
fullent <= x”%0000";-- asychronous reset, the x stands for hex 
ELSIF (clk’event and clk = '1’) then 
fullent <= inc by(fullent) ;--—- synchronous count 
END IF; 
END process; . 
Goune.(0, toe: ky: tullent.(4 oe. 1-5).2 -- assSignssignals to entityoutputs 
-- and defines buried registers 


END behavior; 


MAX7000 is a trademark of Altera Corporation. 

MACH is a trademark of Advanced Micro Devices, Inc. 

Warp2 and Warp3 are registered trademarks of Cypress Semiconductor Corporation. 
Warp and FLASH370i are a trademarks of Cypress Semiconductor Corporation. 
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Implementing a Reframe Controller for the CY7B933 
HOTLink™ Receiver in a CY7C371 CPLD 


Introduction 


This application note describes a reframe controller for the 
Cypress CY7B933 HOTLink™ Receiver. The primary func- 
tion of the controller is to monitor the Receive Violation Sym- 
bol output, RVS, from the CY7B933 in order to detect framing 
errors and, under the correct conditions, assert the Reframe 
signal, RF, to the CY7B933. The controller function is de- 
signed with a state machine, a few counters, and some de- 
code logic. All are implemented in VHDL and fit into a Cypress 
CY7C371 32-macrocell Flash CPLD. The exact implementa- 
tion in this application note makes several assumptions about 
the next-higher-level controller that may not be universally ap- 
plicable. However, the source code for the design is provided 
in Appendix A at the end of this application note so that mod- 
ification and customization for other interfaces is easily pos- 
sible. 


Why Reframing is Necessary 


The CY7B923 and CY7B933 HOTLink Transmitter and Re- 
ceiver are a pair of chips for high-speed point-to-point serial 
data communication. The CY7B923 is the transmitter, and the 
CY7B933 is the receiver. The CY7B923 takes in an 8-bit byte 
at a frequency between 16 and 33 MHz, encodes it into 10 
bits, does a parallel-to-serial conversion, and then transmits 
the serial data at ten times the byte-rate clock (about 160 to 
330 Megabits per second (Mbps)). At the other end of the link, 
the CY7B933 receives the serial data, does a serial-to-paral- 
lel conversion, unencodes the data back into its original form, 
and shifts the 8-bit parallel data out at the same byte-rate 
clock frequency used by the transmitter. (Note: the chips can 
also transmit and receive 10 bits of unencoded data. For a full 
description of the encoding and decoding functions, see the 
CY7B923/933 datasheet.) 


The key element in the data-and-clock-recovery circuit on the 
receiver is the PLL, i.e., phase-locked loop, on the chip. It is 
triggered by the transitions in the incoming data stream, and 
it is used to both separate the data stream into individual bits 
and to generate the byte-rate clock going out of the chip. Once 
the PLL achieves synchronization with the incoming serial 
data stream and is receiving bits properly, the receiver must 
be given a reference point that will set the byte boundaries in 
the bit stream. This is done by the framing circuitry. Whenever 
the receiver’s RF (reframe) input is asserted, the receiver’s 
framing logic will check the incoming bit stream for the special 
pattern that defines a byte boundary. When this is found, the 
receiver logic sets a reference point and simply counts bits 
from that point on so it can properly execute the serial-to-par- 
allel conversion on subsequent byte boundaries, and properly 
align the byte-rate clock rising edge. 


Thus, framing is always required when the receiver begins 
receiving data for the first time, either at power-up or after 
switching from one transmitter source to another. Periodic re- 
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framing may also be necessary due to other conditions. If the 
PLL goes out of lock-that is, if it loses its synchronization with 
the incoming serial bit stream for any reason—the recovered 
data will be erroneous and the framing boundary information 
will be lost. Once the PLL gets back into synchronization with 
the incoming bit stream, it will be necessary to force the re- 
ceiver to reframe in order to re-establish the proper byte 
boundary point. 


Using RVS to Know When to Reframe 


The PLL out-of-lock condition can be detected by the behav- 
ior of the RVS output of the CY7B933 receiver. The CY7B933 
asserts RVS when it detects an error in the bit stream. Infre- 
quent errors, due to random noise in the environment or at- 
tenuation by the transmission medium, for example, are ex- 
pected and do not necessarily mean that the PLL is out of lock 
or that the data needs to be reframed. Too many errors in too 
short a time indicates that the PLL has lost lock and reframing 
is necessary. The benchmark chosen in this controller is 16 
errors occurring in a period of 64 bytes. If the controller counts 
RVS asserted 16 times during a 64-byte period, it will assume 
the PLL has lost lock and will assert RF to the receiver to force 
it to reframe. 


The 16-out-of-64 benchmark is somewhat arbitrarily chosen, 
but it is justified by the fact that when the PLL is in lock, you 
would normally expect to see significantly fewer errors. The 
fact that 16 out of 64 is the criteria used does not mean that 
15 out of 64, or 14 out of 64, etc., are acceptable error rates 
and that the PLL is not out of lock in these cases as well. But, 
it is fairly certain that if the PLL does go out of lock, you will 
get at least 16 errors in 64 byte-times, very quickly. Further- 
more, there are counters inside the HOTLink Receiver that 
detect this same condition (16 errors in a 64-byte period) and 
when this detection occurs inside the CY7B933, it forces the 
PLL to re-lock onto the serial input data stream. Even if the 
PLL is out of lock, if fewer than 16 errors are detected in a 
64-byte period, the PLL will not be forced to re-synchronize 
with the data stream and will stay out-of-lock until that condi- 
tion is detected. Therefore, for consistency, the same criteria 
was selected for the reframe controller. 


Additional Functionality of the Reframe 
Controller 


The reframe controller itself interfaces to a higher-level con- 
troller that controls the entire receiver system. That high- 
er-level controller can force the reframe controller to initiate 
framing in the CY7B933, regardless of any errors. There are 
two ways to do this. The first is with the DO_REFRAME sig- 
nal, which the higher-level controller asserts when it wants 
the reframe controller to go through the same procedure it 
goes through to initiate framing when an out-of-lock condition 
occurs. If the reframe controller sees this signal asserted, it 
acts just like it had detected an out-of-lock condition. The oth- 
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er way the higher-level controller can force a reframe is by 
asserting its FORCE_RF output. This simply forces the re- 
frame controllers RF output HIGH and does not cause the 
internal logic or state machine to change. The reframe con- 
troller’s RF output will stay asserted as long as its 
FORCE_RF input remains asserted. 


The higher-level controller will normally assert 
DO_REFRAME on power-up or when the transmitter source 
is switched on in order to find the initial byte-boundary, as 
described above. The FORCE_FF signal could be used for 
any reason depending on specific system requirements. The 
most likely reason to use it is to force multibyte framing. When 
the receiver does multibyte framing, instead of looking for a 
single byte-boundary-indicating character, the receiver looks 
to detect two of these special characters within any four-byte 
sequence. This is a more reliable way of finding the byte 
boundary, simply because it causes the framing circuitry to 
verify its first find with another one. This may be useful in 
particularly noisy environments. To cause the receiver to do 
multibyte framing, you must assert its RF input for 2048 con- 
secutive cycles; this is something the reframe controller 
would not ordinarily do. The higher-level controller can cause 
this to happen by asserting FORCE_RF to the reframe con- 
troller for 2048 cycles, thus causing its RF output to be assert- 
ed for the same length of time. 


The reframe controller also implements a basic handshake 
with the higher-level controller to make sure the two control- 
lers’ operations stay consistent after forced reframes. When- 
ever the higher-level controller uses the DO_REFRAME sig- 
nal to force the reframe controller to initiate framing, it will 
keep that signal asserted until the reframe controller asserts 
RFDONE_HS. This signal from the reframe controller indi- 
cates that the receiver has finished its reframing. The high- 
er-level controller will then assert RFDONE_ACK, which ac- 
knowledges receipt of RFDONE_HS, and both the reframe 
controller and the higher-level controller will return to the state 
it normally returns to following a reframe. 


In addition to the operations described above, the reframe 
controller also provides a decoding function. When the HOT- 
Link Receiver detects a data error and asserts RVS, it also 
puts the code for the type of error on its eight data outputs, 
D7 - DO. The reframe controller decodes these signals and 
asserts one of two outputs, UNDEF_CHAR or RDISP_ERR, 
depending on the exact type of error decoded. The two types 
of errors are an undefined-character error and a running-dis- 
parity error. A running-disparity error means that the charac- 
ter received had too many consecutive 1s or Os to be a valid 
byte of data (the purpose of the eight-bit-to-ten-bit encoding 
mentioned earlier is to encode the data in such a way as to 
minimize the imbalance of 1s and Os in the bit stream). If the 
reframe controller detects the code for a running-disparity er- 
ror, it will assert the RDISP_ERR output. If the received char- 
acter has the correct running disparity but is not a valid code 
for any character, then it is an undefined-character error, and 
the reframe controller will assert the UNDEF_CHAR output 
instead. 


Design and Implementation 


The out-of-lock detection, RF control, higher-level controller 
interface, and error-type decoding are implemented with a 
simple state machine, a few internal counters, and some de- 
coding logic, and it is all fit into a 32-macrocell CY7C371 
Flash CPLD (for more information on this CPLD, please refer 
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to other application notes in the PLD section of this handbook 
and to the CY7C371 datasheet). The design was done in 
VHDL and compiled with Cypress’s Warp™ PLD design tool. 
The receiver system, the reframe controller's interface, and 
the details of the design of the internal state machine, 
counters, and logic are described in detail in the rest of this 
section. 


Receiver System 


Figure 1 shows where this reframe controller fits into the over- 
all system. The CY7B933 receiver connects (through a phys- 
ical connector) to the actual transmission medium, which can 
be either twisted pair, coaxial cable, or fiberoptic cable. The 
reframe controller interfaces to the receiver, and it also inter- 
faces to the higher-level system controller. 


Controller Interface 


The complete set of reframe controller inputs and outputs is 
shown in Figure 2, and their source or destination, polarity, 
and functionality are described below. 


Inputs 


RF_ENABLE. Overall enable. It comes from a higher-level 
controller. When asserted (HIGH), reframe controller is en- 
abled. When deasserted, reframe controller is disabled and 
does not operate. 


CLK. Clock signal to the reframe controller that comes from 
the recovered byte-rate-clock output, RCLK, of the CY7B933, 
and is also used in the rest of the system as the system clock. 


RESET. Resets the state machine and the internal counters 
and status registers (HIGH = asserted). 


RVS. Received Violation Symbol. It comes from RVS output 
of the CY7B933 (HIGH = asserted). 


FORCE_RF. When asserted, this forces the RF output to also 
be asserted regardless of other conditions. It comes from a 
higher-level controller (HIGH = asserted). 


DO_REFRAME. When asserted, it causes internal state ma- 
chine to initiate framing in the receiver just as if it had detected 
an out-of-lock condition. It comes from higher-level controller 
(HIGH = asserted). 


RFDONE_ACK. Handshake signal from the higher-level con- 
troller acknowledging that it received confirmation that the re- 
frame controller completed the framing procedure. The hand- 
shake is only done when the framing was triggered by the 
DO_REFRAME signal, not by an out-of-lock condition (HIGH 
= asserted). 


RDY. Ready signal. It comes from the CY7B933 RDY output 
and indicates to the reframe controller that the receiver has 
completed the reframe operation (LOW = asserted). 


D[7:0], SC/D. Eight-bit data byte and control/data indicator bit 
from the CY7B933 receiver. The information on these lines 
can be decoded during a receive violation to determine the 
error type. 


Outputs 


RF. Reframe output. It goes to the RF input of the CY7B933 
receiver and causes the HOTLink Receiver to begin a framing 
operation on the incoming data stream (HIGH = asserted). 


RFDONE_HS. This is the handshake signal to the higher-lev- 
el controller telling it that the reframe it requested with the 
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Figure 1. Block Diagram 
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Figure 2. Controller Inputs and Outputs 


DO_REFRAME signal has been completed (HIGH = assert 
ed). | 


OUT_OF_LOCK. This signal indicates that the HOTLink Re- 
ceiver’s PLL has gone out of lock with the incoming serial bit 
stream. This is inferred by counting sixteen or more RVS as- 
sertions in a single 64-byte period. Once asserted, it remains 
asserted until the PLL regains lock and reframing has been 
accomplished (HIGH = asserted). 


ERROR. When asserted (HIGH) it indicates to the higher-lev- 
el controller that an error of some type (as indicated by the 
RVS signal from the receiver) has occurred. 


UNDEF_CHAR. This is an undefined-character-error signal, 
one of two types of errors that can be decoded from the D7 - 
DO, SC/D inputs during receive violations. This signal is only 
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valid when the ERROR output is also asserted, and it can 
only be asserted when RDISP_ERR is deasserted (HIGH = 
asserted). 


RDISP_ERR. Running-disparity-error signal. This is the other 
of the two types of errors that can be decoded from the 
D7—DO, SC/D inputs during data-receive violations. This sig- 
nal is only valid when the ERROR outputis also asserted, and 
it can only be asserted when UNDEF_CHAR is deasserted 
(HIGH = asserted.) 


Counters 


The primary function of the controller, which is to detect the 
out-of-lock condition by monitoring RVS and initiate a reframe 
when necessary, is implemented through the use of two 
counters. The VHDL for this function is shown in Figure 3. The 
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: 


-- relevant VHDL code for counter functions 


Signal Count?» ‘bit vector. to. 1); 
Signal error_count: bit_vector(0 to 4); 
Signal revdbyts_count: bit_vector(0 to 6); 


-- 2-bit counter 
5-bit counter 
-- 7-bit counter 


counters: process (CLK) begin 
1f£ (clk’event and clk = ‘1’) then 

if (reset = ‘1’) then 
fb_out_of_lock eae Aes 
rcevdbyts_count <= “0000000"; 
error_count ae AAOOUO SS 

elsif (error_count = ”“10000") then 
FO OU OF, lock Se tes 
Levdbyts -count: <= "0000000" 
error_count <=. *0G000"s 

elsif (rcevdbyts_count = ”“1000000") then 
revdbyts_count <= “0000000"; 
error _count ea OUD OU0 

else 
revdbyts count. <= revdbyts count. + 1: 
if (RVS = '1’) then 

error_count <= error_count + 1; 

end if; 

end if; 

1f (current_state = LOOK_FOR_xRDY) and (xRDY = ’'0’) then 
ED OUEO1. hock: <a: “Ot: 

end if; 

if (current_state = COUNT_2_ CLOCKS) then 
count2 <= count2 + 1; 

else 
Count2: <=. *O0"s 

end if; 

end if; 

| end process; --counters 
zl 


Figure 3. VHDL for Counter Functions 


first counter, rcvdbyts_count, is a seven-bit counter that 
counts the number of bytes received (0 to 64) and the second 
counter, error_count, is a five-bit counter that counts the num- 
ber of times that RVS is asserted. If error_count reaches 16 
before rcvdbyts_count reaches 64, then the out-of-lock con- 
dition will be declared. If rcvdbyts_count reaches 64 before 
error_count reaches 16, then fewer than 16 errors occurred 
in the given 64-byte window and out-of-lock is not declared. If 
rcvdbyts_count reaches 64 before error_count reaches 16, 
both revdbyts_count and error_count are set back to zero and 
a new 64-byte window begins. If the out-of-lock condition is 
declared (error_count = 16 and rcvdbyts_count < 64), then 
the out-of-lock flip-flop is set to HIGH and a reframe operation 
is initiated. The out-of-lock flip-flop stays HIGH until the re- 
ceiver successfully reframes. 


At that point, the out-of-lock flip-flop is set back to LOW and 
the search for the out-of-lock condition is started again. 


State Machine 


The state machine is described by the diagram in Figure 4, 
and the VHDL code that implements it is shown in Figure 5. 


IDLE state 


The normal, quiescent state of the state machine, and the 
state it enters upon reset, is IDLE. In this state, the RF output 
is deasserted and the state machine waits for either a 
DO_REFRAME input from the outside or for the counters to 
set the out-of-lock flip-flop. If neither of these conditions occur, 
the state machine simply stays in the IDLE state. Once either 
one of these conditions occurs, the state machine must ini- 
tiate a reframe, so it will go to the START_REFRAME state. 
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OR 


from any state 
(RESET = 1) 


(RF_ENABLE = 1) 


DISABLEL 


(RF_ENABLE = 0) 


from any state 


Figure 4. 
START_REFRAME state 


In the START_REFRAME state, RF is asserted, and the state 
machine unconditionally transitions to the 
COUNT_2_ CLOCKS state. 


COUNT_2_CLOCKS state 


The COUNT_2_ CLOCKS state enables a two-bit counter to 
start counting incoming clock cycles. After two clock cycles 
have been counted, the state machine transitions to the 
LOOK_FOR_xRDY state. Two clock cycles must be counted 
before looking for the RDY signal from the outside because a 
total of three clocks must pass after RF is asserted until the 
value of RDY can be guaranteed valid (see the “HOTLink 
CY7B933 RDY Pin Description” application note for more de- 
tails on this). One clock cycle passed during the 
START_REFRAME state, so the COUNT_2_CLOCKS state 
is used to count two more clock cycles to get to the require- 
ment of three. RF is asserted throughout this state. 


(OUT_OF_LOCK = 1) 


(DO_REFRAME = 1) 


(OUT_OF_LOCK = 0) 


(DO_REFRAME = 0) 
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(COUNT2 ? 2) 


START 
> REFRAME 


(COUNT2 = 2) 


AND 


(RDY = 1) 
LOOK 
2 
(RDY = 0) AND xRDY 
(DO_REFRAME = 0) 
(RFDONE_ACK = 1) (RDY = 0) 
AND 


(DO_REFRAME = 1) 


(RFDONE_ACK = 0) 


State Diagram 
LOOK_FOR_xRDY state 


On the fourth clock cycle from the start of RF, the value of RDY 
is guaranteed to be valid and the state machine, in the 
LOOK_FOR_xRDY state, continues to assert RF and waits 
until the HOTLink Receiver asserts RDY. Once the receiver 
asserts RDY, it has successfully reframed and is ready to re- 
sume normal receiver operation. Thus, once an asserted 
RDY is detected in the LOOK_FOR_xRDY state, the state 
machine exits that state and goes back to the IDLE state. If 
the reframe was started by an out-of-lock detection, the tran- 
sition back to the IDLE state is immediate; if the reframe was 
started by the DO_REFRAME input, then the state machine 
goes to the HANDSHAKE state first. 
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-- Relevant VHDL code for state machine 

subtype StateType is bit_vector(0 to 2); - -- State Type 
constant DISABLED: StateType := b”111"; -- State Defns. 
constant TOGEs: -Gtaterype. 2. b*000". 

constant START_REFRAME: StateType := b”001"; 

constant COUNT_2_ CLOCKS: StateType := b”010"; 

constant LOOK_FOR_xXRDY: StateType := b”011"; 

constant HANDSHAKE: StateType := b”100"; 

Signal current_state, next_state : StateType; --State declaration 


-- State Machine Description 


1£ (RESET = ‘1') then 
next_state <= IDLE; 

elsif (RF_ENABLE = ’0’) then 
next_state <= DISABLED; 

else 


case current_state is 


when IDLE => 
cr ib OUT OF LOCK. = Fi’) ‘or (DO. REFPRAME = 71") then 


next_state <= START _REFRAME; 
else 

next_state <= current_state; 
end if; 


when START. _REFRAME => 
next_state <= Count_2 Clocks; 


when COUNT_2 CLOCKS => 


LE Acoune2 = "10" then 

next state <= LOOK FOR_xXRDY; 
else 

next_state <= current_state; 
end if; 


when LOOK _FOR_xXRDY => 


1£ (xRDY = '0’) and (DO_REFRAME = ‘'1’) then 
next_state <= HANDSHAKE; 

elsif (xRDY = '0’) and (DO_REFRAME = ‘0’) then 
next_state <= IDLE; 

else 
next_state <= current_state; 

end if; 


when HANDSHAKE => 


1£ (RFDONE_ACK = ‘1’) then 
next_state <= IDLE; 
else 
next_state <= current_state; 
end if; 


Figure 5. VDHL Code for State Machine 
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when DISABLED => 
if (RF_ENABLE = ’0’) then 
next_state <= current_state; 
else 
next_state <= IDLE; 
end if; 


end case; 
end if; 


if (clk’event and clk = ‘1’) then 
current_state <= next_state; 
end if; 
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Figure 5. VDHL Code for State Machine (continued) 


HANDSHAKE state 


The HANDSHAKE state is used to make sure the reframe 
controller and the higher-level controller are consistent with 
each other. The only way this state will ever be entered is if 
the higher-level controller initiated a reframe by asserting 
DO_REFRAME to the reframe controller. Once that reframe 
has been completed by the receiver, the reframe controller 
communicates this to the higher-level controller by asserting 
RFDONE_HS. Once the higher-level controller acknowledg- 
es this assertion and is ready to proceed with normal receiv- 
ing operation, it will assert RFDONE_ACK as confirmation to 
the reframe controller. It will simultaneously deassert 
DO_REFRAME so that once the state machine goes back to 
the IDLE state, that input is deasserted and does not errone- 
ously cause another immediate pass into the reframe proce- 
dure. Once the state machine detects the RFDONE_ACK as- 
sertion, it exits the HANDSHAKE state and returns to the 
IDLE state. The RF operation:is deasserted throughout the 
HANDSHAKE state. 


-- relevant VHDL code for Decode Logic 


if (clk’event and clk = then 


1£ (RVS = ’‘1’) then 
ERROR: <=. "1" 3 
it. {De = x BA" Or 
UNDEF_CHAR <= 
RDISP_ERR <= 
else 
UNDEF -CHAR <= *%17% 
RDESP-BRR, <2 /0%> 
end Lt; 
else 
PRROR? <=. 707 3 
UNDEF_CHAR <= ‘0’; 
RDISP.ERR: <= 70" 
end if; 


end if; 


DISABLED state 


There is one more state, the DISABLED state, which is treat- 
ed separately. As long as RF_ENABLE, the overall controller 
enable, is asserted, the state machine will never enter this 
state. If RF_ENABLE gets deasserted, the state machine will 


transition to the DISABLED state no matter what state it was 


in, and it will stay there until RF_ENABLE is once again as- 
serted. Once RF_ENABLE is reasserted, the state machine 
goes to the IDLE state and resumes normal operation. 


It was mentioned previously that the out-of-lock flip-flop is set 
when the out-of-lock condition is detected, and it stays set 
until the reframe has been completed. The exact time when 
the OUT_OF_LOCK flip-flop gets cleared is at the rising clock 
edge when the state machine exits the LOOK_FOR_xRDY 
state. This is because that is the exact point where the receiv- 
er has signalled to the controller, with RDY, that it has suc- 
cessfully competed the reframe. 


Decode Logic 


The error-decode logic is very straightforward, and the VHDL 
code for it is shown in Figure 6. The ERROR output is a reg- 


x2” Or D2 a7 EL") hen 


Figure 6. VHDL Code for Decode Logic 
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istered version of the RVS input. The RDISP_ERR and 
UNDEF_CHAR outputs are decoded from the D7—D0O, SC/D 
inputs. These outputs are also registered. 


When the receiver asserts RVS, it will also put a code for the 
error type on its eight data outputs. If this code is E4, E2, or 
E1 (hex), it indicates the error is a running-disparity error, (ex- 
plained earlier), and the RDISP_ERR output is asserted. If it 
is any other hex code, the receiver has detected some kind of 
illegal or undefined character, and the UNDEF_CHAR output 
will be asserted instead. These outputs are mutually exclu- 
sive: if one is asserted, the other must be deasserted. How- 
ever, it is only meaningful to decode the data outputs when 
an error condition is detected, so the ERROR signal must be 
examined by the higher-level controller as well. If ERROR is 
not asserted, the output from RDISP_ERR-= and 
UNDEF_CHAR is no longer valid. 


VHDL, CY7C371 Utilization, and CY7C371 
Speed Considerations 


The complete VHDL description for this design is given in 
Appendix A. The full source code consists of the fragments 
shown throughout this application note along with the other 
code necessary to mesh it together, (process declarations, 
signal declarations, and package-entity declarations). As the 
fragments and complete source file show, VHDL is a very 
simple, efficient way for describing PLD designs. For exam- 
ple, the counter functions are simply bit vectors that are used 
in the manner: COUNT <= COUNT + 1. Upper limits for the 
counters, clearing functions, resets, and presets are all imple- 
mented with a few simple IF-THEN-ELSE statements. The 
entire state machine is implemented with a CASE statement 
and IF-THEN-ELSE statements that have a straightforward, 
natural, one-to-one correspondence with the bubble diagram 
shown in Figure 4. The entire set of decode logic is imple- 
mented in a single IF-THEN-ELSE clause. Furthermore, the 
VHDL code provided is easy to understand and can be very 
easily modified. For example, it can be modified to interface 
to different higher-level-controiler interfaces than the one as- 
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sumed in this application note, or it could be incorporated into 
the higher-level controller design, with that design consisting 
of other VHDL code and implemented in a larger FLASH370 
CPLD or even a gate array. 


This design used all 32 of the CY7C371’s macrocells and 37 
of its 38 I/O and input pins. It could have used fewer pins if 
necessary, by making the various counters be internal 
counters only. The outputs of the counters were brought out 
to output pins in this example, however, for easier simulation 
and debugging. The speed of the CY7C371 ranges from 66 
MHz (with a 15-ns combinatorial propagation delay and a 
12-ns clock-to-output time) to 143 MHz (with a 8.5-ns combi- 
natorial propagation delay and a blazing 6-ns clock-to-output 
time). For this application, the maximum byte-rate clock of the 
CY7B933 is 33-MHz, and this and the corresponding set-up 
and hold times on the CY7B933 make the CY7C371-66 quite 
sufficient. The higher-level controller may have tighter timing 
requirements, but there is plenty of speed to be gained by 
going to the faster speed bins of the CY7C371. The design 
can, thus, easily meet much faster system timing require- 
ments. 


Conclusion 


The serial data received by the CY7B933 needs to be framed, 
i.e., aligned to the proper byte boundaries. This must always 
be done when the serial communication first begins, and it 
must always be redone if the PLL loses lock on the incoming 
serial bit stream. This application note described a controller 
that will manage this operation and provided some guidelines 
for determining when the periodic reframing is necessary. It 
assumed a particular interface to a higher-level controller, but 
the design was done in VHDL, which is provided in the ap- 
pendix, to make it very easily modifiable and adaptable to any 
other specific interface. The controller itself is implemented in 
a CY7C371 32-macrocell CPLD, which had sufficient re- 
sources and routability to implement this fairly substantial 
function. It was able to do this exceeding system speed re- 
quirements even in its slowest speed bin. 
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Appendix A. VHDL Description 


-- Application Note 
-~- Using a CY7C371 as a HOTLink Reframe Controller 
-- Cypress Semiconductor 


entity CONTROLLER is port ( 
CLK, RVS, RESET, xRDY, DO _REFRAME, FORCE _RFOUT, RFDONE_ACK, 
RF_ENABLE : in bit; 


D * in bit..vector(0 to 7); 

curr_st - “Out DEE Vector. (0-6. 2): 
rb cntr : Out. bit -vector: (0: ta 6)? 
err_cntr : out bit_vector (0 to 4); 


RF, RFDONE_HS, OUT_OF_LOCK, UNDEF_CHAR, RDISP_ERR, ERROR : out bit 
3 . 
end CONTROLLER ; 


architecture CNTRL933 of CONTROLLER is 


subtype StateType is bit_vector(0 to 2); -- State Type 
constant DISABLED: StateType := b”%111"; -~- State Definitions 
constant IDLE: StateType := b”%000"; 

constant START_REFRAME: StateType := b”001"; 


constant COUNT_2_CLOCKS: StateType := b”010"; 
constant LOOK_FOR_xXRDY: StateType := b”011"; 
constant HANDSHAKE: StateType := b”100"; 


Signal current_state, next_state : StateType; 
Signal fb_OUT_OF_LOCK : bit; 


Signal count2: bit_vector(0 to 1); -- 2-bit counter 


Signal error_count: bit _vector(0 to 4); -- 5-bit counter 
Signal rcevdbyts_count: bit_vector(0 to 6); -- 7-bit counter 
begin 


counters: process (CLK) begin 
if (clk’event and clk = ‘1’) then 


it, (reset 2-7 1") then 
£DOutl oF Lock ae Os 
revabyts_ count <= “0000000"; 
error_count <= 200000 "3 

elsif (error count = “10000"): then 
fb_out_of_lock ee May 
rovdbyes: count: <= “0000000"+ 
error_count ea SOO OOO". 

elsif (revdbyts_count = “1000000") then 
revdbyts. count <= “00000060"; 


error_count <= *O0000"> 
else 
Pevabyts count. <> revdbyts. count: 1; 
Le {RVS = 17) then 
error_count <= error_count + 1; 
end if; 
end if; 
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Appendix A. VHDL Description (continued) 


if (current_state LOOK_FOR_xRDY) and (xXRDY = ‘'0’) then 
£5. OUG./Or i oCck <=: Or 
end if; 


1£ (current_state = COUNT_2_ CLOCKS) then 
Count] <= count? +1: 


else 
Count? <= OG". 
end if; 
end if; 
end process; --counters 


next_st_comb: process (fb _OUT_OF_LOCK, DO_REFRAME, COUNT2, XRDY, 
RFDONE_ACK, RESET, RF_ENABLE, current_state) begin 


if (RESET = ‘’1’) then 
next_Sstate <= IDLE; 

elsif (RF_ENABLE = ‘'0’) then 
next_state <= DISABLED; 

else 


case current_state is 


when IDLE => 


if (fb_OUT_OF_LOCK = ‘1’) or (DO_REFRAME = ‘1’) then 
next_state <= START_REFRAME; 

else 
next_state <= current_state; 

end if; 


when START _REFRAME => 
next_state <= Count_2 Clocks; 


when COUNT_2 CLOCKS => 


Ee CCOUunGZ, 24 4a) denew 
next_state <= LOOK_FOR_xXRDY; 
else 
next_state <= current_state; 
end if; 


when LOOK_FOR_xXRDY => 


it. .(RDY “= 70") and. (DO REFPRAME =") then 
next_state <= HANDSHAKE; 

elsif (xRDY = '0’) and (DO_REFRAME = ’0’) then 
next_state <= IDLE; 

else 
next_state <= current_state; 

end if; 
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Appendix A. VHDL Description (continued) 


li’ 
‘ta: 


=F CYPRESS 


when HANDSHAKE => 

if (RFDONE_ACK = ‘1’) then 

next_state <= IDLE; 

else 
next_state <= current_state; 

end if; 

when DISABLED => 

(RF_ENABLE = ’'0’) then 

next_state <= current_state; 

IDLE; 


ie 


else 
next_state <= 
end if; 
end case; 
end if; 
end process; --next_st_comb 
outp_comb: process (current_state, FORCE_RFOUT) 
if (FORCE_RFOUT = ‘1’) then 
Ree. Lt 
else 
case current_state is 
when IDLE => 
<= se 0 hale 
iO) es 


RE 
RFDONE_HS <= 


when START_REFRAME => 
<= ee aes 
Et) ts 


RF 

RFDONE_HS <= 

when COUNT_2_ CLOCKS => 
<= oe ee 
Us 


RF 
REDONE HS. <= 
when LOOK_FOR_xXRDY => 
RF ee pies 
RFDONE_HS <= ‘0’; 
when HANDSHAKE => 

<= 0 ae 

a 3 


RF 
RFDONE_HS <= 


end case; 
--outp_comb 


end if; 
end process; 


begin 


5-164 


‘ 


Si sides. 


Reframe Controller for the HOTLink Receiver 


eo 
WJ 
yr] 
Pf 
yf 
—_ 
a 
- 


Appendix A. VHDL Description (continued) 


seq_assgnmnt: process (clk) begin 
1£ (clk’event and clk = ‘1’) then 
current_state <= next_state; 


if (RVS = ‘1') then 
ERROR: <= “1% 
ac CD BA Or DS 72” Or Dp] RELY sehen 
UNDEF GHAR? <=-°".0” = 
RDISP.BRR <a. ‘o's 
else 
UNDE “CHAR «<a> #1" 3 
RDISP BRR. <a: 0's 
end if; 
else 
BRROR -<= "0's 
UNDEF_CHAR <= ‘0’; 
RDISPERR <= 0" > 
end if; 


end if; 
end process; --seq_assgnmnt 


~- concurrent assignment statements 
-~- outputs and local feedback signals made the same 


curr_st <= current_state; 
rbo_cntr <=. revdbyts: count. 
err _cntr <= »s6rror count? 


OUT UOP. LOCK <=? SEb- out or locks 


end CNTRL933; --- end architecture 


HOTLink, Warp, and FLASH370 are trademarks of Cypress Semiconductor Corporation. 
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Implementing a 128Kx32 Dual-Port RAM Using the 
FLASH370™ | 


Introduction 


More and more communication systems require the use of 
very deep, high-speed dual-port memories to provide a com- 
mon storage area for use between processors. System de- 
signers are looking for dual-port memories of 128 KByte and 
larger in size. These same systems are using 32-bit buses. 
These larger dual-port memories are not readily available as 
monolithic devices. As a result, the designer is left with the 
task of implementing these devices using discrete compo- 
nents. A full-featured implementation would include some 
static RAM combined with external support logic, arbitration, 
and control functions. This application note describes how to 
implement a 128K x 32-bit-wide dual-port memory or larger, 
using high-speed 1M SRAMs and a Cypress CPLD, the 
CY7C371. The CPLD, or Complex Programmable Logic De- 
vice, will be used to implement the memory control functions 
of the dual-port system and will be coded using VHDL. 


Dual-Port Block Diagram 


A good reference for the function and operation of a dual-port 
memory can be found in the application note in the Cypress 
Applications Handbook titled “Understanding Dual-Port 
RAMs.” To reiterate, the block diagram of a standard dual-port 
memory is shown in Figure 1. This block diagram indicates 
the various blocks associated with a dual-port. There are four 
major blocks: the memory array, the arbitration/control func- 
tion, the right port or interface, and the left port or interface. 


As can be seen from the block diagram in Figure 1, there are 
a series of signals that are required both internal and external 
to this system. The external signals are the normal signals 
that a monolithic dual-port chip would have. These are the 
signals that are labeled in the block diagram. The other sig- 
nals are the internal signals that are used to allow the pieces 
of this dual-port system to communicate with one another. 
These are the address output enables for the address inter- 
face logic, the data output enable and the latch enable for the 
data interface logic, and the RAM output enable and write 
enable. These will be discussed in detail later. 


The memory array consists of a single, standard SRAM or 
group of SRAMs to make up the overall array size. This array 
can be expanded in depth and width as needed. The arbitra- 
tion/control logic accepts asynchronous read or write re- 
quests from each port or interface and sequences through a 
series of internal states that perform the read or write opera- 
tion on the memory array. A CPLD is used in this example to 
implement this logic. The control logic must arbitrate between 
requests as well as synchronize the inputs to the internal 
clock frequency of the control function. The address buffers 
are used to isolate the address bus of the memory array from 
the left and right address ports. This allows the control-logic 
CPLD to select the correct address at the proper time. The 
bidirectional, latched data path allows data to be written to. or 
read from the memory array. The data is also held in the latch 
during the remainder of the access. 


Right 
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Figure 1. Dual-Port Memory Array Block Diagram 


Use of SRAM for Dual-Port 


A 128Kx8 SRAM (like the Cypress CY7C109, 25-ns SRAM, 
as used in this note) was chosen here to implement a 128K x 
32 sized array. Appendix A shows the schematic representa- 
tion of the design. The array can be any size; this note shows 
this configuration because it depicts how to expand in the 
width direction. Cascading devices to expand the depth of the 
array is just as easily implemented. In either case, the con- 
tents of the control logic CPLD remain the same. The array 
could also be implemented with a single SRAM device if the 
array size warrants it. 


A Brief Description of the CY7C371 


The CY7C371 is a complex PLD with 32 macrocells, 32 1/O 
pins and 6 dedicated input pins (including 2 clock pins). The 
macrocells are grouped into two Logic Blocks of 16 macro- 
cells each. There is a programmable interconnect matrix or 
PIM that connects the two logic blocks to the inputs and to 
each other. The macrocells themselves contain a register that 
can be configured as a T flip-flop, a D flip-flop, a level-trig- 
gered latch, or can be bypassed for combinatorial product 
terms. Each macrocell can support up to 16 product terms. 
For more detailed information on the CY7C371 and the whole 
FLASH370™ family of CPLDs, please consult the application 
note “The FLASH370 Family Of CPLDs and Designing with 
Warp2®” in the Cypress Applications Handbook. 


The CY7C371 is well suited to this application. The dedicated 
inputs can be configured with a double registering mecha- 
nism to synchronize asynchronous signals so that they can 
be used synchronously inside the CPLD. The double register- 
ing will also dramatically reduce the chance of a metastable 
condition. The CPLD architecture is optimal for state machine 
designs and this arbiter requires three state machines to de- 
fine it. The double-registered input configuration will be used 
in this example to resync the asynchronous chip select and 
write control inputs from both ports. 


State Machine Design 


The finite state machine that controls the dual-port memory 
array is really comprised of three “dependent” state machines 
operating concurrently as shown in Figure 2. Dependent state 
machines monitor or depend on the state of another state 
machine in order to change state. The first two machines, 
called “leftside” and “rightside,” are identical. Their primary 
task is to monitor the interface of both ports. When the chip 
select input (R_CS or L_CS) goes active (logic LOW), the 
appropriate machine advances from the Ready state to the 
Memory Cycle state. The Memory Cycle state will start one 
of the memory access sequences. The length of each mem- 
ory sequence (i.e., the number of state machine cycles) can 
be “tuned” to the access time of the SRAMs in the memory 
array. The memory cycle state machine will cycle back to the 
Ready state at the same time the memory access sequence 
ends and the select input goes inactive. It will either wait for a 
new request or start another memory access depending on 
the state of the other state machine (‘“leftside” or “rightside”). 
In the case where two requests are pending or appear at the 
same time, the left port gets priority. This means that the 
memory access for the left port is performed first. A READY 
signal (L_READY and R_READY) indicates when data is 
available on either port, it can only be active when either se- 
lect input is active. 
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Figure 2. Memory Control Function State Machine 


State Machine Implementation 


The actual implementation of the state machines in the 
CY7C371 is done using VHDL. The structure of VHDL allows 
for simplification in coding these dependent state machines; 
the use of multiple processes and the CASE statement prove 
to be very powerful and efficient ways to perform this task. 


Upon reset, both rightside and leftside state machines enter 
the Ready state and wait for a memory access. The leftside 
state machine will be used as an example. Both sides are 
identical at this point. Once a request is detected (for example 
L_CS goes active (=0)), the leftside state machine transitions 
into a memory cycle. A priority scheme favoring the left port 
is encoded into the process for both state machines. If two 
accesses occur simultaneously, the left one is performed first. 
If one port request is detected before the other, it is completed 
while the other is held off. This extends the overall access 
time of the memory, but allows for “fair’ operation. Each mem- 
ory access sequence, Left Read, Left Write, Right Read, and 
Right Write, is comprised of four states. The four states (RO, 
R1, R2, REND or WO, W1, W2, WEND) run sequentially, one 
per clock cycle. They are there to allow the proper timing for 
the generation of control signals to the various components 
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in the dual-port system. The REND or WEND state indicates 
the end of a memory cycle and is also a hold state if the CS 
is still active for that particular port. Once the REND or WEND 
state is reached and the CS is inactive, the state machine 
returns to the READY state and another access can be initi- 
ated. 


CY7C371 Signals 


A total of ten outputs are required to control the memory array 
and both the left and right ports. Refer to Appendix A for the 
128K x 8 dual-port memory array schematic. The SRAM in 
the array is controlled by RAM_OE and RAM_WE. The 
RAM_OE signal is created when either port executes a read 
successfully. Therefore, the RAM_OE signal is enabled dur- 
ing either read sequence only during the RO through R2 cy- 
cles. Writes to the SRAM are controlled by the write state 
machine for either port. The RAM_WE is generated for either 
port during the W1 and W2 cycles of a write access only. The 
port address inputs are isolated from the memory array by a 
set of 74FCT244Ts. The left port is controlled by L_ADD_OE 
and is generated during the left memory access sequence 
states O through 2 for either a read or a write to the left port. 
The right port address is controlled in the same manner, by 
using the right memory access sequence states 0 through 2. 
The data buffer functions are implemented using 
74FCT543Ts with the “B” (HIGH current) side interfaced to 
the outside and the “A” side interfaced to the memory array. 
During reads, the latch enables (L_LAT_EN, R_LAT_EN) are 
used to hold the data read from the array in the latches. The 
output enables (L_OE, R_OE) are then driven directly to ac- 
cess the read data. During writes, the output enables 
(L_DAT_OE, R_DAT_OE) are used to allow the data to pass 
from the outside into the memory array. These output enables 
and latch enables are controlled by the OR of the appropriate 
memory access sequence states. Mealy outputs are used for 
the L_LREADY and R_READY signals. These outputs are ac- 
tive whenever the respective state machine is in state 2 and 
the CS is active. Using Mealy outputs here allows the ready 
signal to go inactive as soon as the CS input (L_CS or R_CS) 
goes inactive instead of waiting for the state machine to tran- 
sition back to the READY state. 


VHDL Code for Controller in 371 


Appendix B contains the VHDL code used for the CY7C371 
in this design. This code was compiled with the Cypress 
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Warp2 tool and targeted for the CY7C371 to generate the 
programming (JEDEC) and simulation file(s). The Nova sim- 
ulator in the Warp2 tool was used to verify the design. For 
details on these tools please refer to the Warp2 User's Guide. 
Furthermore, a thorough explanation of VHDL constructs can 
be found in the Warp2 Reference Manual. 


The code in Appendix B starts out by defining the inputs and 
outputs and the internal signals required. The first process is 
for the Chip Select and Write Enable resync. This is where the 
double registering occurs, as mentioned in the description of 
the CY7C371 earlier in this application note. The next pro- 
cess is where the state machine definitions start. It begins by 
defining the rightside state machine and uses a separate pro- 
cess to define the leftside state machine. Buried within each 
of these processes is the Memory Cycle state machine for the 
READ and WRITE cycles of each port. The next process is 
used to define the RAM_OE and RAM_WE for the memory 
array control. This is a simple IF-THEN-ELSE clause. The last 
process is used to generate the signal which gets used in the 
Mealy equations for the leading edge of the L_READY and 
R_READY signals. Lastly, the L_READY and R_READY sig- 
nals are defined outside of a process by gating state2 with the 
CS input. 


Performance Evaluation 


To evaluate the performance of this dual-port system, three 
different timing scenarios were looked at. The first scenario is 
for an unarbitrated access from either port. This assumes that 
both port state machines are in the Ready state and only one 
access occurs. The second scenario involves the right port 
being granted access shortly before the left port, forcing the 
left port to wait. The third involves simultaneous accesses 
from each port. In this case the left side has priority (by de- 
sign) and the right side is held off. These cases are shown in 
the following three timing diagrams (Figures 3, 4, and 5). 
From these it is possible to determine the timing of each ac- 
cess by counting the number of clock cycles for each scenar- 
io. 


Table 7 lists the number of clock cycles for each of the three 
cases of Figures 3, 4, and 5. These numbers reflect the worst 
case situations for Case #2 and #3 where the maximum pos- 
sible delay is assumed. 
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Figure 3. Timing Diagram—Unarbitrated Access From Right Port 
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Figure 4. Timing Diagram—Right Port Access Before Left Port 
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Figure 5. Timing Diagram—Simultaneous Access 


Table 1. Access Time in Clock Cycles 


Arbitration Cycle 1 clock 
Total Number of Clock Cycles . 
RIGHT | 

Total Number of Clock Cycles _ 
Notes: 


1. Worst case input set-up timing and arbitration cycle assumes 7 clock access delay on opposite port. 
2. N/A means No Activity on this port. 
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To calculate the access time in nanoseconds, the following 
formula is applied: 


tacc = tisa71 + [tcvc371 x #clocks] + tpps43 
Where: 


tacc = total access time 

tis371 = CY7C371 input register set-up time = 2 ns 
tcyc371 = clock cycle of CY7C371 = 7 ns 

#clocks = number of clocks from Table 1 


tppsa3 = 74FCT543CT transparent to latched propagation 
delay = 7 ns 


Since the CY7C371 inputs are double registered, two clock 
cycles are required to resync the Chip Select and Write En- 
able inputs. If the input set-up timing can be guaranteed, this 
internal delay of two cycles can be eliminated by using single- 
or non-registered inputs. 


Memory Expansion 


The example used here shows that an array of any size can 
be easily implemented. The addition of memories and asso- 
ciated address buffers makes depth expansion easy. The 
width may also be increased by cascading memories and 
adding additional buffers. Both techniques would be utilized 
to expand in depth and width. These enhancements are pos- 
sible without making any changes to the CY7C371 Control 
Function PLD design. Likewise this design could implement 
a smaller array than shown here, again without revising the 
CY7C371. 


Summary 


This application note has demonstrated the implementation 
of a large asynchronous dual-port memory array by utilizing 
standard memory and logic devices and the CY7C371. The 
performance of this design is limited by various factors. The 
access time of the SRAM and the clock speed of the 
CY7C371 used are two factors that could improve perfor- 
mance without changing the VHDL code for the CY7C371. 
Another option would require some design changes, though 
minor. Making one or both ports synchronous with respect to 
the CPU would eliminate the two-clock delay associated with 
the resync function of the CY7C371. The implementation of 
these improvements offers the designer a few options to tailor 
the design to fit specific system requirements and achieve the 
desired level of performance. 
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Appendix A. Schematic 
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Appendix B. VHDL Code for Controller 


~- Dual-port memory controller 


ENTITY dpram IS 
PORT (clock, r_we_n, recs_n, l_we_n, l_cs_n, reset_n: IN BIT; --INPUTS 
ram_oe_n, ram _we_n : OUT BIT; --OUTPUTS 
r_ready, r_add_oe, r_dat_oe, r_lat_en : OUT BIT; 
l_ready, l_add_oe, l_dat_oe, 1l_lat_en : OUT BIT 


END dpram; 


USE work.rtlpkg.all; 


ARCHITECTURE ARCHdpram OF dpram IS 
TYPE ctrl_states IS (waitcs, r0O, rl, r2, rend, w0, wl, w2, wend); --Internal signal declaration 
SIGNAL rightside, leftside : ctrl_states; 
SIGNAL r_we_ndd, r_we_nd, l_we_ndd, l_we_nd: BIT; 
SIGNAL r_cs_ndd, r—cs_nd, l_cs_ndd, l_cs_nd: BIT; 
SIGNAL r_ready_int, l_ready_int : BIT; 
BEGIN 


--Double register the input we and cs signals for sync & metastability hardening 
PROCESS BEGIN 
WAIT UNTIL clock = ‘1’; 

yr _we_ndd <= r_we_nd; r_we_nd <= r_we_n; 
l_we_ndd <= l_we_nd; l_we_nd <= 1l_we_n; 
r_cs_ndd PCS nds: ae ses. ne ase res. ns 
l_cs_ndd 66 nay Loee-nds 62 sons 

END PROCESS; 


A A 
u 


--RIGHTSIDE STATE MACHINE 
PROCESS BEGIN 
WALD? UNTER @bock- =. i" ¢ 
CASE rightside IS 
WHEN waitcs => 


r_add_oe <= ‘1’; r_dat_oe <= '1’; r_lat_en <= ‘1’; 
--goto state 0 if : r_cs is active + L_cs inactive or r_cs active + (l_cs active but at end) 
IF (({((r_cs_ndd = ‘0’) AND (l_cs_ndd = ‘1’)) OR 
((r_cs_ndd = ’0’) AND (l_cs_ndd = ‘0’) AND 
((leftside = wend) OR (leftside = rend)))) THEN 
~-start write state machine if WE active 
IF r_we_ndd = ‘0’ THEN 
rightside <= w0; 
r_add_oe <= ‘0’; r_dat_oe <= '0’; r_lat_en <= ‘1’; 
ELSE 


--start read state machine if WE inactive 
rightside <= r0; 
r_add_oe <= ‘0’; r_dat_oe <= ‘1’; r_lat_en <= ‘1’; 
END IF; 
ELSE 
rightside <= waitcs; 
END IF; 


--RIGHTSIDE READ STATE MACHINE 


WHEN rO => 

rightside <= rl; 

r_add_oe <= ‘0’; r_dat_oe <= ‘1’; r_lat_en <= ‘1’; 
WHEN rl => 

rightside <= 12} 

r_add_oe <= ‘0’; r_dat_oe <= ‘1’; r_lat_en <= '0’; 
WHEN r2 => 

rightside <= rend; 

raed -60@ 22> “de; oP idat oe <= “1' > lat. en. aero hts 
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Appendix B. VHDL Code for Controller (continued) 


WHEN rend => 
rddd oe <=" 71" 7, dat 06 <6: 1" s rofatwen. <= * E> 


LF res: ndd. = “14 THEN 
rightside <= waitcs; 
ELSE 
rightside <= rend; 
END IF; 


--RIGHTSIDE WRITE STATE MACHINE 
WHEN wO => 
rightside <= wl; 


Tr a0d_ OG <= 40"; Trodat oe <= “0°%) 7 laten <= "1% 
WHEN wl => 

rightside <= w2; 

t.add oe <= "0s ridat ioe <= 0"; ri lat en <= 21"; 


WHEN w2 => 

rightside <= wend; 

r.add.oe <= “1"? riodatoe <= “1+ r_latuen <= 71°; 
WHEN wend => 

tadd. 06 <=: 1.’ + tedatvoe <==] "sr lat.en <= “i"; 


LP 2 ucs ndd. = “1.’ THEN 
rightside <= waitcs; 
ELSE 
rightside <= wend; 
END IF; 


WHEN others => 
rightside <= waitcs; 
Y add oe <= “L's rodat..oer<s “ls 1 let—en 4s "1's 
END CASE; 
END PROCESS; 
~-LEFTSIDE STATE MACHINE 
PROCESS BEGIN 
WALT- UNTIL clock = *1">; 
CASE leftside IS 
WHEN waitcs => 
ladd_oe <= *1's loudat—oe <= “1’3 lalatwen <= ’1’: 
--goto state 0 if l_cs is active + r_cs is inactive or l_cs active + (r_cs active but at end 
or in waitcs state) 
TP «Ck eS nda: =: *)'*)) AND? (ey es nde. = 74.) -OR 


((l_cs_ndd = ‘0’)} AND (r_cs_ndd = ‘0’) AND 
((rightside = wend) OR (rightside = rend) OR (rightside = waitcs)))) THEN 
--start write state machine if WE active 
IF l_we_ndd = ‘0’ THEN 


leftside <= w0; 
l_add_oe <= ‘0’; l.dat_oe <= ‘0’; l_lat_en <= ‘1’; 
ELSE 
--start read state machine if WE inactive 
leftside <= r0; 
i add: O62 "Oe We det oe: aa -7 123. 3) ear en ee es 


END IF; 
ELSE 
leftside <= waitcs; 
END IF; 
--LEFTSIDE READ STATE MACHINE 
WHEN rO => 


LELC Sider <=: rile 

l_add_oe <= '0'’: 1 _dat_oe <= ‘1’; 1l_lat_en <= ‘1’; 
WHEN rl => 

leftside <= r2; 

l_add_oe <= '0’; l_dat_oe <= ‘1’; l_lat_en <= '0’; 
WHEN r2 => 

leftside <= rend; 

lvadd_oce <= ‘17; ludatoe <= 71's l_let en <= ‘1’; 
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Appendix B. VHDL Code for Controller (continued) 


WHEN rend => 
l_add_oe <= ‘1’; l_dat_oe <= ‘'1’; l_lat_len <= ‘1’; 


IF l_cs_ndd = ‘1’ THEN 
leftside <= waitcs; 
ELSE 
leftside <= rend; 
END IF; 


--LEFTSIDE WRITE STATE MACHINE 

WHEN w0 => 

leftside <= wl; 

l_add_oe <= '0’; l_dat_oe <= ’0’; l_lat_en «<= ‘1’; 
WHEN wl => 

leftside <= w2; 

l_add_oe <= ‘0’; l_dat_oe <= ’0’; l_lat_len <= ‘1’; 
WHEN w2 => 

leftside <= wend; 

l_add_oe <= ‘1’; l_dat_oe <= ’1’; l_lat_en <= ‘1'; 
WHEN wend => 

l_add_oe <= ‘1’; l_dat_oe <= ‘1’; l_latlen <= ‘'1'; 


IF l_cs_ndd = ‘1’ THEN 
leftside <= waitcs; 
ELSE 
leftside <= wend; 
END IF; 


WHEN others => 
leftside <= waitcs; 
l1_add_oe <= ‘1’; l_dat_oe <= ‘1’; l _lat_en <= ‘1’; 
END CASE; 


END PROCESS; 


-~RAM_OE and RAM_WE control signal logic 
PROCESS BEGIN 


WAIT UNTIL clock = ‘1’; 
IF (((rightside = waitcs) AND ((((r_cs_ndd = ’0’) AND (l_cs_ndd = ‘1’) AND (r_we_ndd = ’1’)) OR 
((r_cs_ndd = ‘0’) AND (l_cs_ndd = ‘0’) AND (r_we_ndd = ‘1’) AND 
((leftside = wend) OR (leftside = rend)))))}) 
OR 
((leftside = waitcs) AND (((l_cs_ndd = ‘0’) AND (r_cs_ndd = ‘1’) AND (l_we_ndd = ’1’)) OR 
((l_cs_ndd = ’0’) AND (r_cs_ndd = ’0’) AND (l_we_ndd = ‘1’) AND 
((rightside = wend) OR (rightside = rend) OR (rightside = waitcs))))) 
OR 
(rightside = r0) OR (rightside = ri) 
OR 
(leftside = r0) OR (leftside = rl)) 
THEN 
ram_oe_n <= '0’; 
ELSE 
ram_oe_n <= ‘1’; 
END IF; 


IF ((leftside = w0) OR (leftside = wl) OR 
(rightside = w0) OR (rightside = wl)) 


THEN 

ram_we_n <= ‘0’; 
ELSE 

ram_we_n <= ‘1’; 
END IF; 


END PROCESS; 
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Appendix B. VHDL Code for Controller (continued) 


--READY signal logic for leading edge of signal 


PROCESS BEGIN 
WAIT UNTIL clock = ‘1’; 
IF ((rightside = ri) OR (rightside = wl)) THEN 
r_ready_int <= ‘0’; 
END IF; 
TP (eh es-ne me 1) OR (reset =. 0"). THEN 
r_ready_int <= ‘1’; 
END IF; 
IF ((leftside = r1) OR (leftside = wl)) THEN 
l_ready_int <= ‘0’; 
END IF; 
IF ((l_cs_nd = ‘1’) OR (reset_n = ’0’)) THEN 
l_ready_int <= ‘1’; 
END IF; 
END PROCESS; 
--MEALY outputs for READY Signal to turn off as soon as CS goes inactive 
l_ready <= '0’ WHEN ((l_ready_int = '0’) AND (l_cs_nd = '0’)) ELSE ‘1’; 
bo ready <= "0" WHEN <{(roréady int = "0" )}: AND (r2es md. = -*0"%):) BLSE "a's 


END ARCHdpram; 


FLASH370 is a trademark of Cypress Semiconductor Corporation 
Warp2 is a registered trademark of Cypress Semiconductor Corporation 
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An Introduction to In System Reprogramming with 
FLASH370i™ 


Introduction 


This application note provides an introduction to the 
FLASH370i™ family of In System Reprogrammable (ISR™) 
CPLDs. The FLASH370i ISR CPLD family is a superset re- 
placement for the popular FLASH370™ CPLD family. All of the 
features and advantages of the FLASH370 CPLD architecture 
are present in the FLASH370i CPLD architecture, with the 
FLASH370i family also providing additional capabilities. The 
most celebrated new feature is the capability for the 
FLASH370i devices to be reprogrammezd in the user’s system. 


In System Reprogrammability is the capability of a program- 
mable device to be reprogrammed after being soldered onto 
a printed circuit board. This allows the configuration and func- 
tionality of a device, and therefore the electronic system in 
which itis contained, to be modified after the system has com- 
pleted the manufacturing cycle. Reprogramming can happen 
at any time, such as prior to the shipment of the system or 
product, in the form of a field upgrade to provide additional 
capabilities and features or to correct previous problems, or 
during actual system operation so that a different function or 
algorithm is implemented. 


In many cases, ISR capability is used only to simplify the 
manufacturing cycle, by eliminating the handling of a tradi- 
tional programmable logic device to facilitate programming. 
With an ISR device, one handling step can be removed if 
desired. Additionally, ISR devices can be reprogrammed 
again and again as required. 


Several topics and issues are introduced in this application 
note. These are: the compatibility of the FLASH370i CPLD 
family with the FLASH370 family, the features of ISR, the 
FLASH370i pin descriptions and pinouts, the ISR program- 
ming options, the ISR programming interface, the FLASH370i 
ISR kit, and the other application notes that address other ISR 
design issues more specifically. 


Compatibility of the FLASH370i and FLASH370 
CPLD Families 


Like the FLASH370 CPLD family, the FLASH370i family con- 
sists of five devices at three standard densities: 32, 64, and 
128 macrocells. For each density, there is a device that has 
all macrocells associated with I/O pins, and for the 64-macro- 
cell and 128-macrocell densities, there are devices that have 
half of the macrocells associated with !/O pins. Each of the 
five devices has additional dedicated input pins with up to four 
of these available as high-speed clocks. 


The CY7C371i 32-macrocell device has the same number of 
flexible macrocells, the same number and superior allocation 
of product terms, the same robust interconnect that provides 
the same excellent routability, and the same output enable 
capability as the CY7C371 device that it replaces. This same 


5-177 


statement applies equally to the other four devices of the 
FLASH370i CPLD family. The normal PAL mode functionality 
of a FLASH370i device is also exactly the same as the normal 
PAL mode functionality of its FLASH370 counterpart. The 
speed grades of the two CPLD families match, while main- 
taining the same parallel programming algorithms. 


As previously mentioned, the major difference between the 
FLASH370i and the FLASH370 CPLD families is that the 
FLASH370i CPLD family provides the capability for in system 
reprogramming. Other new features of the FLASH370i devices 
are outputs that are fully PCI (peripheral component intercon- 
nect) compliant and bus-hold structures on all pins. While the 
FLASH370 CPLDs were suitable for use in PCI bus applica- 
tions, the FLASH370i CPLDs are fully compliant with the elec- 
trical requirements of the PCI specification over all operating 
temperatures and voltages. The bus-hold structures elimi- 
nate the need for connecting unused inputs and I/O pins to a 
supply by providing an improved version of an internal pull-up 
resistor. The bus-hold structure provides a weak internal 
pull-up or pull-down, depending upon the last driven state on 
the pin, and it is initialized at power-up to provide a weak 
pull-up. 

Overview of the FLASH370i ISR Features 


The FLASH370i ISR capability is provided through a four-pin 
JTAG interface comprised of a clock (SCLK), a mode select 
(SMODE), a serial data in (SDI), and a serial data out (SDO). 
Additionally, there is a fifth pin, ISRVPP, that provides the high 
voltage required for programming and erasing the flash pro- 
grammable portion of the CPLD. 


The ISR interface is provided in one of two modes. These two 
modes are termed “single function” and “dual function.” The 
basic difference between these two modes is that the ISR 
interface pins have either one function or two functions. Table 
1 shows the FLASH370i devices and the function mode for 
each. 


FLASH370i Device Function Modes 


# Function 
Macrocells Mode 
ovresmi [82 [ae | dual 
| cy7cs72i | 64 | 44 | ual 
CY7C373i 64 84 _ dual 
CY7C373i 64 100 single - 
CY7C374i 128 84 — dual 
CY7C374i 128 100 single ~ 
|_CY7C375i | 8 | = dual | 


CVICSTE 


Table 1. 


YPRESS 


‘a: 
C) 


For the CY7C373i and CY7C374i in 100-pin packages, the 
four basic ISR interface pins, SCLK, SMODE, SDI, and SDO, 
are assigned to pins that were previously no-connects on the 
CY7C374. The ISRVPP pin is also assigned to a CY7C374 
no-connect pin. This is the simpler ISR interface, and since 
every pin only has a single function, these are referred to as 
the single-function FLASH370i devices. 


All other FLASH370i CPLDs are dual-function mode devices. 
As shown in Table 7, this includes the CY7C371i, CY7C372i, 
and CY7C375i devices, and also the CY7C373i and 
CY7C374i devices in 84-pin packages. 


The single-function solution also provides extra diagnostic ca- 
pability as compared to the dual-function devices. For all 
FLASH370i ISR devices, when the ISRVPP pin is at high volt- 
age, the full capability to program, erase, read, or verify the 
device is provided. For single-function FLASH370i devices, 
reading and verifying the device is provided even when the 
ISRVPP pin is not at a high voltage. This allows diagnostic 
software to have normal, operational voltage. access to the 
silicon ID, user ID, bypass mode, and complete programmed 
pattern when using the single-function devices. 


Eg An Introduction to In System Programming with FLASH370i 


Cascading and program security are also features of the 
FLASH370i ISR family of CPLDs. The FLASH370i ISR interface 


_ provides unlimited cascading capability, as FLASH370i CPLDs 


can be cascaded homogeneously or with other devices that 
support the IEEE 1149.1 JTAG interface. FLASH370i devices 
are cascaded by connecting the SDO pin of one device to the 
SDI pin of the next device, while also connecting the SCLK, 
SMODE, and ISRVPP pins of all devices in parallel, just as 
provided in the IEEE 1149.1 specification. Also, a security bit 
is included and can be programmed if desired to disallow the 
reading or verifying of a FLASH370i device, thus protecting the 
programmable device’s contents from being discovered. 


FLASH370i Pin Descriptions 


Tables 2, 3, 4, and 5 describe the functionality of all of the pins 
for the FLASH370i devices. Tables 2 and 3 are for the du- 
al-function FLASH370i devices, and Tables 4and 5are for the 
single-function devices. Tables 2 and 3 describe the pin func- 
tionality when the ISRVPP pin is at high voltage, i.e., 12V. 
Tables 4 and 5 give the pin functionality for the ISRVPP pin 
being in the normal operating range of OV to 5V. 


Table 2. Dual-Function Pin Descriptions (ISRVPP = 12V; ISR Interface Enabled) | 


el 


interface 


— 


Provides the high voltage to the programming circuitry and is used to differentiate the 
function of the other pins; the bus-hold structure is connected 


1/O three-stated with the bus-hold s 


SMODE (I/O) Input V/O three-stated with the bus-hold structure connected; functions as SMODE input for the 
ISR interface 
SDI(/VO) /O three-stated with the bus-hold structure connected; functions as SDI input for the ISR 
interface 


Functions as SDO output for the ISR interface; the output is enabled when the JTAG state 
machine is in the Shift-IR or Shift-DR states and is three-stated in the other states as defined 
in the 1149.1 spec; the bus-hold structure is connected | 


Other Inputs High-Z Unused with the bus-hold structure connected 


Other I/Os . High-Z —_| Output three-stated with the bus-hold structure connected | 
Other /CLKs ——s*Y|- High -Z Unused with the bus-hold structure connected 


tructure connected; functions as SCLK input for the ISR 


Table 3. Dual-Function Pin Descriptions (ISRVPP not 12V; ISR Interface Disabled) 


/O (SCLK) VO 
VO (SMODE) 
VO (SDI) 

V/O (SDO) VO 


Other I/Os 


a 


Normal I/O function; each of these pins functions according to how the device is pro- 
grammed; the bus-hold structure is connected; the JTAG state machine returns to the 
“Test-Logic-Reset” state when ISRVPP is in the normal operating range and does not 
interfere with the normal operation of the device | 


Normal I/O function; each of these pins functions according to how the device is pro- 
grammed; the bus-hold structure is connected 


Other Inputs Normal input function; the bus-hold structure is connected 
Other I/CLKs V/CLK Normal input/clock function; the bus-hold structure is connected 


Cmte ___aaeadiaal 

F iiadinetens Saal 
—— 
SS p 


iE nak 


All Inputs 


RR Mode fs rip 


Provides the high voltage to the programming circuitry to enable all ISR operations; the 
JTAG state machine is completely operational independent of the state of the ISRVPP pin 


SCLK }Input Functions as SCLK input for the ISR interface; the bus-hold structure is connected 
SMODE Functions as SMODE input for the ISR interface; the bus-hold structure is connected 
‘SDE sf Input | Functions as SDI input for the ISR interface; the bus-hold structure is connected 


Functions as SDO output for the ISR interface; the output is enabled when the JTAG state 
machine is in the Shift-iR or Shift-DR states as defined in the 1149.1 spec; the bus-hold 
structure is not connected 


SDI 
SDO 
All /Os High-Z Output three-stated with the bus-hold structure connected. 
}Allinputs High-Z Unused with the bus-hold structure connected . 
All I/CLKs High-Z Unused with the bus-hoid structure connected | | 
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Table 5. Single-Function Pin Descriptions (ISRVPP not 12V; ISR Programming Disabled) 


FLASH370i Pinouts 


As previously described, there are single-function and du- 
al-function FLASH370i ISR devices. The CY7C373i and 
CY7C374i in 100-pin packages are the single-function 
FLASH370i ISR solutions, and the ISR pin assignments for 
these are shown in Table 6. 


Table 6. ISR Pins for the 100-Pin CY7C373i and 
CY7C374i 


| ISRPin | Normal Mode TOFP Pin # 
SAVPE 


SMODE SMODE 


All other FLASH370i ISR devices besides the 100-pin 
CY7C373i and CY7C374i are dual-function ISR solutions. 
The pin assignments for all of these devices are shown in 
Tables 7, 8, and 9. Table 7 shows the ISR pin assignments 
for the CY7C373i and CY7C374i in 84-pin packages. Table 8 
shows the ISR pin assignments for the CY7C375i, which has 
160 total pins. Table 9 shows the ISR pin assignments for the 
CY7C371i and CY7C372i in 44-pin packages 
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[Wede [Certo CS 
Tipu [AISA operations except forthe programming and easing funcions are enabled 
Tnput__| Functions as SCLK input forthe ISR interlace; the bus-holdstucure is connected | 


Input Functions as SDI input for the ISR interface; the bus-hold structure is connected 


Functions as SDO output for the ISR interface; the output is enabled when the JTAG state 
machine is in the Shift-IR or Shift-DR states as defined in the 1149.1 spec; the bus-hold 
structure is not connected 


Normal I/O function; the bus-hold structure is connected 


All Inputs Normal input function; the bus-hold structure is connected 
All /CLKs I/CLK Normal input/clock function; the bus-hold structure is connected 
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Table 7. ISR Pins for the 84-Pin CY7C373i and CY7C374i 
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Mode Pin # Pin # Pin # 
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Note: The CY7C373i is not available in the CLCC or PGA 
packages. 
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Table 9. ISR Pins for the 44-Pin CY7C371i and CY7C372i 
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Mode Pin # Pin # 
i 
9 2 
7 1 


027 
i079 
Note: The CY7C372i is not available in the TQFP package. 
Overview of ISR Programming Options 


There are four programming options available for FLASH370i 
devices. The first is to use a PC with the FLASH370i ISR pro- 
gramming cable and software. With this method, the ISR pins 
of the FLASH370i devices are routed to a connector at the 
edge of the printed circuit board. The ISR programming cable 
is then connected between the parallel port of the PC and this 
connector. A simple configuration file instructs the ISR soft- 
ware of the programming operations to be performed on each 
of the FLASH370i devices in the system. The ISR software 
then automatically completes all of the necessary data ma- 
nipulations required to accomplish the programming, reading, 
verifying, and other ISR functions that are supported. 


The second method for programming FLASH370i devices is on 
an ATE (automatic test equipment). If this method is selected, 


Test-Logic-Reset 
Run-Test/Idle 


Transitions made 
on the rising edge 
of SCLK. 


Transitions based 
on SMODE. 


Select-DR-Scan 


i | Capture-DR 
Shift-DR 


Exit1-DR 


Exit2-DR 


Pause-DR 


Update-DR 
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the FLASH370i ISR software generates programming test vec- 
tors for the target tester. This functionality will be available in 
the second half of 1997. 


The third programming option for FLASH370i devices is to uti- 
lize the embedded controller or processor that already exists 
in the electronic system. The FLASH370i ISR software assists 
in this method by converting the device JEDEC maps into the 
ISR serial stream that contains the ISR instruction information 
and the addresses and data of locations to be programmed. 
The embedded controller then simply directs this ISR stream 
to the chain of FLASH370i devices to complete the desired 
reconfiguring or diagnostic operations. An application note 
describing this will be available mid 1997. 


The fourth method for programming FLASH370i devices is to 
use the same parallel programmer that is currently being 
used to program FLASH370 devices. Since the programming 
algorithms are the same, normal third party programming 
support for the FLASH370i family is readily available. 


FLASH370i ISR Programming Interface 


| Although detailed knowledge of the ISR internal architecture 


is not required for users to design with or program FLASH370i 
devices, the basics are provided here for those interested. 
The IEEE 1149.1 specification, or JTAG (Joint Test Action 
Group), requires that the finite state machine shown in Figure 
7 be implemented for controlling the sequence of operations. 
Transitions are made on the rising edge of SCLK, and the 
SMODE input determines the next state. 


Select-IR-Scan 


: Capture-IR 


0 

0 
| Shift-IR © 
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1 
Exit1-IR 


Exit2-IR 


Update-IR 
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Figure 1. JTAG State Diagram 
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Figure 2 shows the ISR internal registers that are linked be- 
tween the serial data input (SDI) and the serial data output 
(SDO). There are five registers: the Byte Register (BR), the 
Address Register (AR), the Fast Verify Register (FVR), the 
Bypass Register (BPR), and the Instruction Register (IR). 


The 4-bit instruction register holds the instruction to be exe- 
cuted. The supported instructions and their codes are shown 
in Table 10. The execution of each instruction is beyond the 
scope of this application note, but the instructions are pre- 
sented to indicate that the codes are consistent with the IEEE 
1149.1 specification, which requires that the EXTEST and 
BYPASS be assigned the codes with all Os and 1s, respec- 
tively. 


The address register holds the address of the memory loca- 
tion to be programmed, read, or verified. As indicated in Fig- 
ure 2, there is an additional routing block that allows the ad- 
dress register and the byte register to be concatenated during 
shifting. This reduces the time required to complete some of 
the programming operations, but is transparent to the user. 


The byte register is used for multiple purposes. The first is to 
shift in and hold the data that is used for programming a mem- 
ory location. The second use is for holding and shifting the 
memory location data during a read operation. The third use 
of the byte register is to hold and shift the data when executing 


SDI 


| | FVR [_} BPR 
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the read silicon ID instruction. The fourth use is to hold and 
shift the data when executing the read user ID instruction. 


Table 10. FLASH370i ISR Instruction Set 
Code 


—trution 


The fast verify register function enhances the programming 
and verification process. During portions of the programming 
flow, a fast verify operation compares the addressed memory 
byte with the contents of the byte register, and a single bit is 
loaded into FVR to indicate the outcome of the comparison. 
This single bit is then shifted out of the FLASH370i device. 


SDO 


Figure 2. FLASH370i ISR Interface Registers 
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The single-bit bypass register is used for implementing the 
bypass mode. This is a requirement of the IEEE 1149.1 spec- 
ification and helps the entire system perform operations.) more 
quickly than otherwise would be possible. 


FLASH370i ISR Kit 


The FLASH370i ISR kit comes complete with the following 
items: the ISR User's Guide, the ISR PC programming cable, 
the ISR software, and ail ISR application notes. 


The ISR User's Guide contains the documentation of how to 
use the ISR software for the chosen programming method. 
Also included in the ISR User’s Guide is a list of error mes- 
sages that the ISR software generates if problems are en- 
countered. 


The ISR programming cable provided in the FLASH370i ISR 
kit is used to facilitate programming from a PC. The ISR pro- 
gramming.cable is connected between the parallel port of the 
PC and the connector at the edge of the printed circuit board 
which contains the FLASH370i devices. 


The ISR software is used for programming FLASH370i devices 
in all serial programming methods: PC, ATE, and embedded 
controller. 


Other FLASH370i ISR Application Notes 


Additionally, the FLASH370i ISR kit contains this application 
note and all other ISR application notes to assist designers in 
utilizing the FLASH370i CPLDs properly. A brief introduction to 
each of these application notes is provided here to help direct 
designers to where additional design information can be 
found. 


“Designing with FLASH370i for PC Cable Programming.” This 
application note provides detailed design information on uti- 
lizing single-function mode and_ dual-function mode 
FLASH370i devices. Utilizing a dual-function mode device in 
the single-function mode, guidelines for routing the ISRVPP 
signal on the printed circuit board, and other board design 
issues are only part of the PC cable programming application 
note. 


“Cascading FLASH370i Devices.” FLASH370i devices can be 
cascaded not only with each other, but with other devices that 
support the IEEE 1149.1 JTAG interface. This is independent 
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of whether or not the other devices are programmable. This 
application note provides insight into how simple and complex 
cascading is accomplished. 


“Designing with FLASH370i for Board Tester Programming.” 
This application note is similar to the PC cable programming 
application note. This board tester application note discusses 
the additional design issues related to programming a 
FLASH370i ISR device using an ATE. 


“Designing with FLASH370i for Embedded Controller Pro- 
gramming.” This application note is also similar to the PC ca- 
ble programming application note. This embedded controller 
programming application note discusses the specific design 
issues for using one popular microcontroller to reconfigure 
FLASH370i devices, and how this information applies to other 
microcontrollers and microprocessors is also presented. 


“The Impact of Routability on Using FLASH370i ISR Devices 
for Debugging and Making Field Upgrades.” The intentions for 
utilizing a reprogrammable device that is permanently con- 
nected within an electronic system are sometimes quite large. 
Being successful when utilizing a reprogrammable device be- 
gins with a firm understanding of the features and capabilities 
of the device’s architecture. With this understanding, being 
able to complete operations like field upgrades without en- 
countering unexpected problems (for example not being able 
to maintain the previous pin-out) is more likely. This applica- 
tion note provides additional insight into the FLASH370i CPLD 
architecture to assist designers in gaining the necessary ex- 
pertise to use ISR effectively. 


Conclusion 


This application note provides the introductory information to 
begin designing with the FLASH370i family of In System Re- 
programmable (ISR) CPLDs. The FLASH370i ISR CPLD fam- 
ily is a superset replacement for the popular FLASH370 CPLD 
family that maintains all of the features and advantages of the 
FLASH370 CPLD architecture. The FLASH370i family addition- 
ally provides the ability for the device to be reprogrammed in 
the system. More detailed information for designing with the 
FLASH370i CPLD family is available with the FLASH370i ISR 
kit, and the appropriate information should be reviewed prior 
to designing with a FLASH370i device. 


FLASH370, FLASH370i, and ISR are trademarks of Cypress Semiconductor Corporation. 
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introduction 


This application note presents how to design with the Cypress 
In System Reprogrammable (ISR™) family of complex PLDs, 
the FLASH370i™ family, for programming from a PC with the 
ISR programming cable. The main issues addressed are 
those related to programming and reprogramming the devic- 
es in-system (i.e., while they are soldered onto a printed cir- 
cuit board). Primary among these is interfacing to the pins 
used to program the devices, both when those pins are used 
only for programming and when they are used both for pro- 
gramming and for I/O in normal operating mode. 


To address this issue, we categorize designs into three types: 
designs using devices with single-function pins; designs us- 
ing devices with dual-function pins used in single-function 
mode; and designs using devices with dual-function pins 
used in dual-function mode. We will cover all three cases in 
this application note. The three cases are explained further 
below. 


Single-Function Pins / Single-Function Mode: Some of the 
FLASH370i devices have pinout/package combinations such 
that the pins used for programming are single-function only; 
i.e., they are used as programming pins only. When the device 
is operating (i.e., not being programmed) they are not in use; 
they are just extra pins. 


Dual-Function Pins / Dual-Function Mode: The rest of the 
devices in the FLASH370i family have pinout/package combi- 
nations such that the pins used for programming have dual 
functionality. They are used as programming pins when the 
device is being programmed, and they are used as I/Os when 
the device is in normal operating mode. To use both of these 
functions, you must design interface logic to isolate program- 
ming signals from other devices on the board. 


Dual-Function Pins / Single-Function Mode: Alternatively, 
the designer can decide to use these dual-function pins as 
programming pins only and not connect them as |/Os for nor- 
mal operation. The design is simpler in this case as no special 
interface logic is required. 


All FLASH370i devices can also be cascaded into a alnaie 
chain for programming purposes so that one cable and one 
connector can be used to program all of the FLASH370i de- 
vices on a board. We will show a simple example of this in this 
application note, but this topic is covered in depth in an appli- 
cation note called “Cascading FLASH370i Devices.” 


In addition to the topic of interfacing to the programming pins, 
several other topics are covered in this application note. 
These include: 


¢ handling the 12V signal on the board; 


¢ the state of the FLASH370i devices’ I/Os at power-up (and 
why you need to know about this); 


e the state of the ISR programming cable’s pins when not 
programming and the state of the FLASH370i’s ISR pro- 
gramming pins when no cable is attached; 
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¢ and the structure of the ISR software programming config- 
uration file. 


Throughout this application note, assume that the ISR devic- 
es are programmed in system by means of the ISR cable that 
connects the board to a PC. This ISR programming cable is 
provided by Cypress, and the details of the cable and the 
connector on the board to which it interfaces are explained in 
detail in this application note. There are other ways to pro- 
gram or reprogram the parts in-system as well, and many of 
the topics covered and solutions shown in this application 
note also apply to those methods. 


The ISR Programming Cable 


The pins on a FLASH370i device used for programming are: 
ISRVPP, SDI, SDO, SMODE, and SCLK. Their names and 
functions are defined below. 


ISRVPP In System Reprogramming Voltage 


During programming, this pin supplies the device with the 
voltage needed to program it, which is 12.0V + 0.6V. During 
normal operation this pin must be between OV and 5V. 


SDI Serial Data Input 
During programming, this pin is the serial input to the device. 
SDO Serial Data Output 


During programming, this pin is the serial output from the de- 
vice. 
SCLK Serial Clock 


During programming, this pin is the clock input. SDI and 
SMODE are sampled on the rising edge of SCLK, while SDO 
changes following the falling edge of SCLK. 


SMODE Serial Mode Control 


During programming, this is the mode select conta input that 
directs the TAP (test access port) controller state machine 
contained within the ISR interface. 


The FLASH370i devices are programmed using a PC as 
shown in Figure 1: the ISR programming cable connects the 
parallel port of the PC to a cable header on the board on 
which the FLASH370i devices are soldered. The header on 
the board connects to the traces that go to the ISRVPP, SDI, 
SDO, SCLK, and SMODE pins on the FLASH370i devices 
themselves. The ISR software runs on the PC and drives 
these pins on the board, through the cable, header, and trac- 
es, to program the devices with the appropriate JEDEC files. 
The cable has a DC/DC converter built into it that receives 5V 
from the board and supplies the 12V programming voltage to 
the ISRVPP pin. 


TO PARALLEL PORT 
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1 ISR PROGRAMMING CABLE 


TO 10-PIN CONNECTOR ON BOARD 


Figure 1. ISR Programming Cable 


A 10-pin, 2 x 5, boxed header connector is used on the board 
for the ISR programming cable to plug into. This boxed header 
connector has a small opening in the box on one side (the 
key) that allows the ISR programming cable to be plugged in 
one way only. The pins are on 0.100" centers. The length of 
each pin is 0.230", and the cross-section is 0.025" x 0.025". 
This boxed header connector is available as a straight-pin 
connector and as a right-angle connector. 


Additionally, an open header can be used. Part numbers for 
two compatible connectors are: 

DIGI-KEY part # S2012-05-ND 

(straight—pin connector) 

DIGI-KEY part # S2112-05-ND 

(right—angle connector) 
The ISR programming cable provided by Cypress has a fe- 


male end which plugs into these connectors. The position of 
the signal pins on the connector is shown in Figure 2. 


sMoDE| SCLK a 


Figure 2. Layout of Connector for Cable on Board, 
Top View 


To program a FLASH370i device using the ISR programming 
cable described here, all you need to do is route the ISRVPP, 
SDI, SDO, SCLK, and SMODE pins from the cable connector 
to the ISRVPP, SDI, SDO, SCLK, and SMODE pins of the 
FLASH370i device, respectively. 
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In addition to these programming pins, there is an additional 
signal available from the cable called ISR*. The purpose of 
this signal is to allow the user to know the state of the signals 
coming from the cable. If ISR* is a logic ‘0’, it indicates that 
ISRVPP is 12V and one or more FLASH370i devices on the 
board are being programmed; if ISR* is a logic ‘1’, it indicates 
ISRVPP is not 12V and no FLASH370i devices on the board 
are being programmed. This is particularly useful in the “Du- 
al-Function Pins/Dual-Function Mode” designs mentioned in 
the introduction and explained in detail later in this application 
note. The logic ‘0’ and logic ‘1’ levels on ISR* are OV and 5V, 
respectively. The logic ‘0’ level is driven actively while the logic 
‘1’ level is not driven but pulled up using a 20-kQ pull-up re- 
sistor to the VCC pin of the ISR connector. 


There are three other connection points on the cable and ca- 
ble header: VCC, GND, and NC. VCC is the pin through which 
the VCC plane on the board containing the FLASH370i devic- 
es supplies 5V to the DC/DC converter in the ISR cable. This 
is necessary for the ISR programming cable to be able to 
generate the 12V voltage level on ISRVPP needed to program 
the FLASH370i devices. GND provides a common ground ref- 
erence between the board and the ISR programming cable. 
NC is a no connect that is not used. 


Designs That Use Devices With 
Single-Function Programming Pins | 


Single-function programming pins refers to the case where 
the pins used for programming the device are only dedicated 
to that function and are extras—not in use—when the device 
is in normal operating mode. Two members of the FLASH370i 
family currently have this feature, the 64-macrocell CY7C373i 
in the 100-pin TQFP package and the 128-macrocell 
CY7C374i in the 100-pin TQFP package. These two devices, 
which have identical pinout, have 64 I/O pins and 6 input-only 
pins for a total of 70 I/Os. Therefore, in the 100-pin package, 
there are still plenty of pins to accommodate the five ISR pins 
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on separate pins and still have ample power and ground con- 
nections. As the pinout diagram of these two devices in Figure 
3 shows, pins 88, 75, 50, 1, and 26 are, ISRVPP, SDI, SDO, 
SCLK, and SMODE, respectively. 


Designing with these devices is the easiest of the three cases. 
You simply connect these ISR pins to the corresponding pins 
on the ISR programming cable connector, and you now have 
access to in system reprogramming. 


There are other issues related to this, such as the best way 
to route the 12V signal to the ISRVPP pin, the state of the ISR 
programming pins when the cable is disconnected, and the 
format of the ISR software configuration file. These issues 
apply to all three types of designs (single-function pins, du- 
al-function pins used in single-function mode, and dual-func- 
tion pins used in dual-function mode), and will be treated in a 
later section. 


Designs That Use Devices With Dual-Function 
Programming Pins 

Dual-function programming pins refers to the case where the 
ISR pins on a FLASH370i device are used for programming 
the device when it is in programming mode and are used as 


normal I/Os in normal operating mode. The devices that have 
this characteristic are the CY7C371i and CY7C372i in 44-pin 


oO 
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packages, the CY7C373i and CY7C374i in 84-pin packages, 
and the CY7C375i in 160-pin packages-in other words, all of 
the devices in the family except the two mentioned in the sin- 
gle-function section above. 


For example, look at the CY7C373i and CY7C374i 84-pin 
PLCC pinout in Figure 4. These are similar to the devices 
described in the single-function section above, but with 64 
and 128 macrocells respectively, and with 64 I/O pins. In this 
case, the programming functions share pins with normal I/O 
functions. Pin 72 is SDI in programming mode and 1/054 in 
normal operating mode; pin 51 is SDO in programming mode 
and 1/038 in normal operating mode; pin 14 is SCLK in pro- 
gramming mode and 1/010 in normal operating mode; and pin 
35 is SMODE in programming mode and I/O26 in normal op- 
erating mode. Pin 83 is ISRVPP and differentiates the func- 
tion of these other four ISR interface pins. 


There are two ways to design with devices that have du- 
al-function programming pins. First, you could use the du- 
al-function pins as single function pins. That is, you could de- 
cide to use only the programming function of the pins and not 
use those pins as I/Os in your design. The other way to use 
them, of course, is to use them as true dual-function pins, 
where you use them both as programming pins in program- 
ming mode and as |/Os in normal operating mode. 
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Figure 3. Pinout of CY7C373/4i in 100-Pin TQFP 
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Figure 4. Pinout of CY7C373/4i in 84-Pin PLCC 


Devices With Dual-Function Programming Pins Used in 
Single-Function Mode 


To use the FLASH370i devices in this way, with the dual-func- 
tion pins used as programming pins only, you need the total 
number of I/Os used in your design to be equal to or less than 
(n—4), where n is the total number of input and I/O pins avail- 
able on the device. This way is the preferred method of de- 
sign. It is much easier and will save both time and compo- 
nents over implementing the kind of logic described in the 
next section for dual-function pins used in dual-function 
mode. 


To design with the dual-function pins used in single-function 
mode, all you really need to do is make sure no I/Os get as- 
signed to those dual function pins. Two ways to do this are 
described below. 


First, if you are using the Cypress Warp™ VHDL compiler, 
you can use a simple synthesis directive called “pin_avoid” to 
make sure the compiler does not assign signals to whatever 


-- dual-function devices 


entity cpuctl is port ( 


-- architecture would follow 


-- example of using “pin_avoid” for single-function mode of 


bit_vector (31 downto 0); 


a in 

nC). We out lox ot, 

hold buffer bit; 

status : out bit_vector 
attribute pin_avoid of cpuctl:entity is "14 35 51 72 83”; 
end cpuctl; 


(7 downto 0)); 


pins you specify. In this case, of course, you would specify the 
dual function pins. An example of the exact text to include in 
your VHDL code appears in Figure 5. This example assumes 
you are using the CY7C373i or CY7C374i in the 84-pin PLCC 
package where pins 14, 35, 51, 72, and 83 are the ISR pins. 


If you prefer, or if the software you are using does not have a 
capability similar to the “pin_avoid” directive in Warp, you can 
also ensure the dual-function pins do not get used as I/Os in 
normal operating mode by explicitly assigning all of the sig- 
nals to pins in your design. You just need to make sure you 
assign all of the signals to pins other than the dual-function 
pins. An example showing how to do this in Warp using the 
“pin_numbers’ directive is shown in Figure 6. Again, this ex- 
ample assumes you are using the CY7C373i or CY7C374i in 
the 84-pin PLCC package, so pins 14, 35, 51, 72, and 83 are 
not being used. Notice that none of the signals used in the 
example in Figure 6 are assigned to these pins. 


Figure 5. VHDL Code Fragment Showing pin_avoid Attribute 
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entity cpuctl is port ( 


-~- assign pins below and avoid pins 14, 35, 


attribute pin_numbers of cpuctl:entity is 


"ERS )324: -AlT a2 al6)e26- “atajs2y <-a(4)-228 


“status (0):61%; 
end cpuctl; 


-- architecture would follow 


-- example of explicit pin assignments that avoid ISR pins 
~- to facilitate single-function mode of dual-function devices 


(15 downto 0); 


a : in bit_vector 
rd. War : out bit; 
hold : buffer bit: 
status : out bit_vector 


(7 downto 0)); 


tel) £12) sa Cla) 61 3--a- Gi) sb wen La) en ee) 28 cat 


( 
Wat p33) atl) 233. ra236. wre37 hold:38 status (7) +54 statue ( 
“status(5):56 status(4):57 status(3):58 status(2):59 statu 


Peg: 
SCS 20" cer Z eo. Ae 

6) 255 *-& 

s(1):60 * & 
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72% and: 83 


Figure 6. VHDL Code Fragment Showing pin_numbers Attribute 


Devices With Dual-Function Programming Pins Used in 
Dual-Function Mode 


There are cases where you may need or want to take advan- 
tage of the dual functionality of the dual-function program- 
ming pins. For example, you may not have enough I/O pins 
for your design if you do not use the dual-function ISR pro- 
gramming pins as I/Os when the device is in normal opera- 
tion. Other times, you may want to use the dual-function ISR 
pins as I/Os in normal operation because their physical posi- 
tion makes your board layout easier. If you want to do this in 
your design, you can do it fairly easily; it simply requires a little 
bit of extra logic and possibly some additional small compo- 
nents. This section shows you how to do this. 


The SDI, SCLK, and SMODE programming pins are all inputs 
to the device during programming, and they always share pins 
with bidirectional I/Os when they are dual-function pins. The 
SDO programming pin, on the other hand, is an output pin 
from the device during programming. It, too, always shares a 
pin with a bidirectional I/O when it is a dual-function pin. 
These I/O pins, in turn, can be used as input only, output only, 
or bidirectional I/Os in any design, based upon the function- 
ality that is described for these pins in the programmable logic 
chip’s design description. The result is that there are six dif- 
ferent cases to consider: you can have an ISR input program- 
ming pin (SDI, SCLK, SMODE) sharing a pin with a signal that 
is an input, an output, or an I/O; and you can have an ISR 
output programming pin (SDO) sharing a pin with a signal that 
is an input, an output, or an I/O. We next look at each of these 
six cases individually. 


This approach can be more time-consuming than using the 
“pin_avoid” directive, especially if your design has a large 
number of I/Os. When you do this, you also need to take some 
device-specific resource information into account, such as 
block-reset and preset or half-block output-enable signal allo- 
cation. Since the compiler can account for all of this for you 
automatically, it is usually easier to just use the “pin_avoid” 
directive. 


What you are trying to accomplish in all of these cases is 
fundamentally the same. You are trying to isolate the pro- 
gramming signals from the normal operating signals on the 
board. You do not want the programming signal to drive or 
affect anything else on the board when you are programming 
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the FLASH370i device, and you do not want the normal oper- 
ating signal to drive, affect, or be affected by the programming 
logic when the FLASH370i device is operating normally in the 
system. The basic strategy in all of the cases listed above is 
to use three-state buffers or multiplexers on these signals, 
and to have those buffers or multiplexers controlled by the 
ISR* signal from the programming cable. The ISR* signal, 
recall, is a signal from the programming cable that is a logic 
‘0’ when ISRVPP is 12V (when the FLASH370i device is being 
programmed), and it is a logic ‘1’ when ISRVPP is not 12V 
(when the FLASH370i device is not being programmed). 


First, consider the case of the ISR programming pins that are 
inputs to the device during programming, SDI, SCLK, and 
SMODE. When one of these device pins is being used as an 
input during normal operating mode, you simply have to se- 
lect between one of two inputs based on whether you are in 
programming mode or in operating mode. This is implement- 
ed very easily by using a 2:1 multiplexer where ISR®* is the 
select line, as shown in Figure 7(a). Alternatively, you could 
implement this by having two three-state buffers whose inputs 
are SDI (or SMODE or SCLK) and signal, whose outputs are 
tied together and to the SDI /1/O pin, and whose enable lines 
are controlled by opposite values of ISR*. This is shown in 
Figure 7(b). One way you could implement this logic is with 
FCT-family devices. For example, you could use one of the 
four 2:1 multiplexers in a CY74FCT257 to implement the logic 
shown in Figure 7(a). Alternatively, you could use a pair of 
transceivers or pass-transistors from a CY74FCT244 or 
CYBUS3384 to implement the logic shown in Figure 7(b). The 
connections for the FCT257, FCT244, and CYBUS3384 are 
shown in Figure 7(c), (d), and (e), respectively. 


The inverter shown in Figure 7(e) can be eliminated by imple- 
menting an inversion within the CYBUS3384 device. This re- 
quires using only an external resistor and a few additional 
connections. An inversion of the connection to pin BE1* is 
accomplished by connecting +5V to pin A1 and connection 
one end of a resistor to GND and the other end to pin B1. B1 
will then be the inverse of the input connected to BE1*, which 
is ISR*. By implementing this inversion, the inverter in Figure 
7(e) can be removed, and pin B1 can be connected to pin 
BE2*. The BE1*, AO, A5, BO, and B5 pin connections remain 
the same. 
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(c) FCT257 Implementation 


SDL——____________| DAO SDI/I/O 


FCT244 
DIP/SOIC/QSOP 
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SDI/I/I 


CYBUS3384 
DIP/SOIC/QSOP 


FLASHS70i 
(e) CYBUS3384 Implementation 


Figure 7. Design for Dual-Function Pins: SDI/SCLK/SMODE used with Input 
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The FCT devices shown are just one possible way of imple- 
menting this logic, of course. There are others, including us- 
ing extra pins and gates from an ASIC, FPGA, CPLD, or PAL® 
device already on the board. Regardless of whether the buffer 
or multiplexer is in an FCT device, ASIC, FPGA, or other de- 
vice, there will be some additional propagation delay for the 
normal operating signal due to the presence of that logic. This 
must be accounted for in your design, and using the 
CYBUS3384 provides the smallest extra delay. The issue of 
extra delay holds true for the other cases presented next. 


In the case of the SDI, SCLK, or SMODE sharing a pin with 
an I/O that is used only as an output during normal operating 
mode, the logic is slightly different. Much like the case above, 
you can just use a pair of three-state buffers or pass-transis- 
tors to separate the signals that are used for the two different 
functions. In this case, however, instead of tying the two out- 
puts together, you tie the output of one buffer both to the du- 
al-function pin of the FLASH370i device and to the input of the 
other buffer. The input to the first buffer is the programming 
function signal, and the output from the other buffer is the 
normal operation output Signal. The first buffer is enabled 
when ISR* is asserted and is disabled otherwise, and the 
second buffer is enabled when ISR* is deasserted and is dis- 
abled otherwise. This is shown in Figure 8. Thus, when the 
device is being programmed, SDI (or SMODE or SCLK) is 
driving the SDI / I/O pin and Signal is in the high-impedance 
state, and when the device is not being programmed, the SDI 
/ \/O pin is not driven as an input allowing the FLASH370i 
output to drive Signal. Because Signal is in the high-imped- 
ance state during programming, you may need to have a 
pull-up or pull-down resistor on Signal depending on how you 
use it on your board. 


SDI SDI/I/O 


Signal FLASHS70i 


ISR* 


Figure 8. Design for Dual-Function Pins: 
SDI/SCLK/SMODE used with an Output 


You can also use a CYBUS3384 as an alternative to the buff- 
ers, just as in solution 7(e) in the previous case. This would 
be the most flexible solution because it would work for ail con- 
figurations—the pin used as an I, O, or I/O—and allows you 
to decide later exactly how to use that pin. 


Another alternative exists for the case when SDI (or SMODE 
or SCLK) has dual functionality with an I/O pin that is used as 
an output during normal operating mode. You can simply con- 
nect Signal and SDI (or SMODE or SCLK) together directly 
without any isolating gates. Since Signal is an output from the 
FLASH370i in normal operation, no damage should result 
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from Signal being driven identically to SDI during ISR pro- 
gramming. The only precaution you must take is to ensure the 
circuitry that is being driven is not affected logically by the 
values on SDI, such as a state machine being put into the 
wrong state. If that circuity can ignore SDI’s values during 
programming, then this would be the preferred solution. It 
does not add any extra delay to Signal’s path and does not 
require any additional devices or logic, thus allowing you to 
use the three ISR dual-function pins, SDI, SMODE, and 
SCLK “for free.” 


In the case of the SDI, SCLK, or SMODE sharing a pin with 
an I/O that really is used as a bidirectional I/O, the logic need- 
ed is a little more complicated. As seen in Figure 9, part of 
the logic is a combination of the two solutions for the two 
individual cases above in the way it uses ISR* to separate the 
programming function of SDI (or SMODE or SCLK) from the 
input and output functions of Signa/ during normal operating 
mode. There is more than just this logic required, however. It 
is also necessary to use an extra pair of buffers to separate 
the input and output functionality of Signal itself. This is re- 
quired to keep from unintentionally building a feedback loop 
and is accomplished with the help of an extra signal that indi- 
cates the direction of the I/O pin. In this example, we assume 
we have a signal called dir, and that dir= ‘1’ when the I/O pin 
is being used as an input and dir= ‘0’ when the I/O pin is being 
used as an output. 


To understand why this is necessary, consider just combining 
the logic from Figure 7(b) and Figure 8. The result would be 
the logic shown in Figure 10, which is different from Figure 9 
in that buffers b4 and b5 were eliminated and intermediate 
signals w, x, and yare now all simply connected together and 
to the SDI / I/O pin. In the logic of Figure 10, when the 
FLASH370i device is in normal operation mode and ISR” is 
HIGH, buffers b2 and b3 would both be enabled. If Signal 
were an input at that time, it would drive the input to buffer b2, 
whose output would drive the input to buffer b3. The output of 
buffer b3 would be driving the input of b2 again, resulting ina 
feedback loop that could produce undesired affects. The 
same thing would happen if Signa/ were an output at the time. 


Buffers b4 and b5 in Figure 9 prevent this. In the logic of 
Figure 9, when Signal is an output from the FLASH370i de- 
vice, b5is enabled and b4 is disabled; when Signal is an input 
to the device, b4 is enabled and b5is disabled. In both cases, 
both the function and value at the pin of the device and the 
function and value of Signal are the same, correct, and only 
driven by one source. There is no dangerous self-driving 
feedback system like there is in Figure 10. 


SDI 


Signal 


ISR* dir 
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SDI//O 


FiasH370i 


Figure 9. Design for Dual-Function Pins: SDI/SCLK/SMODE used with an I/O 
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Figure 10. SDI/SCLK/SMODE used with an I/O: Example of Incorrect Solution 


The limitation of this solution is that it requires the extra signal 
dir. This signal may be already available; in fact, it may be an 
input to the FLASH370i device itself for use as the OE-control 
on the pin in question. If it is not already available, you will 
need to generate it using other logic on the board. If you can- 
not do it using other logic on your board, you should certainly 
be able to generate it using logic inside the FLASH370i device 
itself, because, as pointed out above, it should be the same 
signal as the OE used on that pin internally. To get the signal 
out of the FLASH370i, however, requires an additional pin, so 
if you are using the logic in Figure 9 to save a pin, having to 
use a pin on the device to generate dir will not gain you any- 
thing. If generating one dirwill help you save two or three pins 
by allowing you to use two or three of SDI, SCLK, and 
SMODE as dual-function pins, then you will still have a net 
savings of one or two pins and it may be worth it. 


As was mentioned in the case where the SDI (or SMODE or 
SCLK) dual-function pin was being used with an input-only 
pin or with an output-only pin, you can also use the 
CYBUS3384 solution of Figure 7(e) when trying to use the 
SDI (or SMODE or SCLK) dual-function pin as a bidirectional 
I/O pin in normal operating mode. 


The logic for using the dual-functionality of the SDO / I/O pin 
is essentially the same as is shown in the above three cases. 
The only difference is that SDO is an output during program- 
ming mode instead of an input. Therefore, the only difference 
in the logic is the orientation of some of the buffers. The solu- 
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tions for the SDO case are presented without further expla- 
nation. The logic diagram for the case where SDO is connect- 
ed to an I/O used only as an input is shown in Figure 117; the 
logic diagram for the case where SDO is connected to an I/O 
used only as an output is shown in Figure 12; and, the logic 
diagram for the case where SDO is connected to an I/O really 
used as a bidirectional pin is shown in Figure 13. You can 
alternatively use the CYBUS3384 solution presented in 
Figure 7(e) in each of these three cases. 


SDO ~ SDO/I/O 


Signal FiasH370i 


ISR* 


Figure 11. Design for Dual-Function Pins: 
SDO used with an Input 
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Figure 12. Design for Dual-Function Pins: 
SDO used with an Output 


To summarize this section, there are many reasons to use the 
members of the FLASH370i family that have dual-function ISR 
programming pins and many different ways to accomplish it. 
The easiest way is to use the dual-function device in the sin- 
gle-function mode. This uses the dual-function pins as pro- 
gramming pins only, and is easily accomplished using the 
pin_avoid and pin_numbers directives in your Warp design 
file. There are also going to be cases where you will want to 
use the dual-functionality, most likely because you need some 
or all of the four ISR programming pins as inputs, outputs, or 
I/Os during normal operation to get all the signals you need 
into and out of the device for your design. The circuits needed 
to share these pins are relatively straightforward and require 
nothing or only buffers or pass transistors. These are circuits 
you can implement using FCT or other logic, or you may be 
able to implement them using extra gates and pins of an 
ASIC, FPGA, or another PLD you already have on the board. 


SDO 


Signal 
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Simple Cascading and the ISR 
Software Configuration File 


Until now, we have talked about programming just a single 
FLASH370i device in the system. You can cascade an unlim- 
ited number of FLASH370i devices in a system. That is, you 
can daisy-chain the devices together and connect their pro- 
gramming pins in such a way that all of the devices can be 
programmed from a single connection to the ISR program- 
ming cable. To do this, you simply tie all of the SCLK, SMODE, 
and ISRVPP pins of each device to those same pins, respec- 
tively, on all of the other devices, and then connect them to 
the corresponding pins of the ISR cable connector. You then 
connect the SDI pin from the cable connector to the SDI pin 
of the first device in the chain, then connect the SDO output 
of that device to the SDI input of the next device in the chain, 
then connect the SDO output of that device to the SDI input 
of the next device in the chain, and so forth, until you finally 
connect the SDO output of the last device in the chain to the 
SDO pin of the cable connector (see Figure 14). 


We have taken for granted so far that there is ISR program- 
ming software running on the PC that accesses the 
FLASH370i JEDEC files and drives the ISR programming ca- 
ble to program the FLASH370i devices. This ISR software, 
which is provided by Cypress, reads a simple configuration 
file provided by the user. This configuration file is where the 
user specifies what the JEDEC files are, what the FLASH370i 
devices to be programmed are, and what other operations, if 
any, are to be performed. For example, to program a single 
CY7C374i with a JEDEC file called sarctl.jed, the configura- 
tion file would just be the single line shown below: 


CY7C374i pc:\sarctl.jed; 


The first field specifies the FLASH370i device; the second field 
specifies the operation; and the third field, if necessary, spec- 
ifies the full path of the name of the file to be used. 


SDO//O- 


FLASH37Oi 


Figure 13. Design for Dual-Function Pins: SDO used with an I/O 
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Figure 14. Simple Cascading Example 


As previously mentioned, multiple FLASH370i devices can be 
chained together for ISR programming purposes. The config- 
uration file in this case contains all of the devices in that chain, 
which may also include non-Cypress devices. The first line of 
such a configuration file corresponds to the first device in the 
chain, and the last line to the last device in the chain. As is 
the case in a single-device configuration file like the one de- 
scribed before, the first field in each line specifies the device 
type; the second field specifies the operation; and the third 
field, if necessary, specifies the full path of the file name to be 
used. The full list of operation codes that can be used in the 
second field along with their meaning is shown below: 


program device with listed JEDEC file 

verify device contents against listed JEDEC file 
read device and create listed JEDEC file 

erase device 

get silicon ID 

get user code 

no operation 

program security bit 

initiate power-on-reset 


non-Cypress device can be included in the chain with 
FLASH370i devices if the device has a JTAG interface, con- 
tains the standard JTAG TAP controller state machine, and 
supports a bypass instruction which uses the specified code 
of all ‘1’s._ In the case where the chain of cascaded devices 
includes a non-Cypress device, the line in the configuration 
file for that device has the key word “NONCYPRESS’ as the 
first entry and an integer that specifies the number of bits in 
that device’s instruction register in the second field. The JTAG 


oOo 35> Cc a0 7 < DB 
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specification defines the bypass instruction to be all ‘1’s, so 
the ISR programming software will insert the number of ‘1’s 
necessary to fill the non-Cypress device’s instruction register 
in the appropriate place in the bitstream that is sent. 


An example of a multiple-device, multiple-operation configu- 
ration file is shown here: 


CY7TC3 75% v oe:\dramctl.jed; 
COVIC3 74s n; 

CY IC3 7 31: r c:\cpuctl.jed; 
CY7C3741i p c:\sarctl.jed; 
NONCYPRESS 4; 

CYTES 725: be 


This configuration file specifies that there are six devices in 
the cascaded chain, that a CY7C375i is the first in the chain, 
that a CY7C372i is the last in the chain, and that there is one 
non-Cypress device in the chain. The first device, a 
CY7C375i, is to have its JEDEC file read and verified against 
the file c:\dramctl.jed; the second device, a CY7C374i, is to 
be passed over—no operation is to be performed; the third 
device, a CY7C373i, is to have its JEDEC file read and stored 
in the file c:\cpuctl.jed; the fourth device, a CY7C374i, is to be 
programmed with the file c:\sarctl.jed; the fifth device is the 
non-Cypress device, and it has a four-bit instruction register; 
and the sixth device is a CY7C372i, and the user code al- 
ready programmed into the device is to be read. 


For more detailed information on cascading FLASH370i devic- 
es with other JTAG devices for ISR programming and system 
diagnostics, refer to the application note titled “Cascading 
FLASH370i Devices.” 
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Other Considerations 


In addition to the topics covered above, there are several oth- 
er miscellaneous board-level design issues you should con- 
sider when using FLASH370i devices. These include the state 
of the FLASH370i devices at power-up (and why you need to 
know about this); the state of the FLASH370i programming 
pins when the ISR programming cable is not attached; and 
handling the 12V ISR programming signal on the board. We 
address these considerations here. 


State of the FLASH370i Device I/Os at Power-Up 


When FLASH370i devices are shipped from Cypress, the de- 
vices have already been programmed, erased, and pro- 
grammed again as part of the testing process. They will not, 
therefore, be blank when they first come out of the tube. They 
will, however, be programmed such that all of the I/Os are 
three-stated. Furthermore, the I/Os (except SDO) are also all 
three-stated during device programming, that is, when IS- 
RVPP is at 12V. This allows you to solder FLASH370i devices 
directly on your board without having to erase them first, and 
it will allow you to power-up your board and program the 
FLASH370i devices on it without having to worry about their 
initial, non-blank state causing any problems. 


The most likely way people would want to use these parts is 
to take FLASH370i devices directly from the tube, solder them 
onto their board, turn on the power to the board, and then 
program the devices for the first time using the ISR program- 
ming cable connected to a PC. Since many of the I/Os on the 
FLASH370i device(s) to be programmed will undoubtedly be 
inputs, other devices on the board could be driving those pins 
immediately upon powering up the system. By having all of 
the FLASH370i I/Os initially programmed to be three-stated, 
and by having them also be guaranteed to be three-stated 
during ISR programming, you are assured that the FLASH370i 
device will not be also trying to drive those pins. This prevents 
bus contention that could otherwise arise, and it prevents the 
damage to a FLASH370i device or other devices on your 
board that could result from it. When the 12V ISRVPP signal 
goes away, the FLASH370i device will then start driving some 
of its output pins, based upon the FLASH370i device being 
programmed according to your design. At this point, it is no 
different from powering up a board with preprogrammed 
non-ISR PAL devices, PLDs or CPLDs on it. 


State of the FLASH370i’s Programming Pins When the ISR 
Programming Cable is Not Attached 


It is likely that the ISR programming cable will not always be 
plugged into the connector on your board, so it is important 
to understand that this will not be a problem when the board 
is powered up and expected to be running. The reason it will 
not be a problem is that the FLASH370i devices have been 
designed with bus-hold structures on every input, input/clock, 
and I/O pin, including the programming pins whether they are 
single-function or dual-function. The exception to this is the 
SDO pin on single-function devices, which is an output only. 
This eliminates the need to use external pull-up resistors or 
any other technique for handling the case where the ISR pro- 
gramming pins are left floating due to the ISR programming 
cable being disconnected. 


Bus-hold structures enable an I/O pin to maintain its most 
recent logic value even when it is three-stated, whether that 
value was being driven in as an input pin or driven out as an 
output pin. This is done with an extremely weak latch connect- 
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ed to the pin. Since the ISR programming pins have these 
bus-hold structures, if the ISR programming cable is discon- 
nected when the board is powered on, the ISR programming 
pins will all maintain a logic ‘0’ or logic ‘1’ value even though 
they are no longer being driven. These pins will not be floating 
between these logic levels, and therefore, they will not be sub- 
ject to oscillation and will not be sourcing or sinking any more 
current than the bus-hold currents specified in the data sheet. 
If the ISR programming cable is disconnected when the board 
is powered-down, or if the board is powered down and then 
back up after the cable has been disconnected, there is still 
no problem. The FLASH370i bus-hold structures have been 
designed to always power-up with a logic ‘1’ level maintained 
on the pins to emulate an internal pull-up, but this does not 
interfere with the capability of maintaining the last state when 
not driving or not being driven. : 


The advantages of the bus-hold structures apply both to the 
case of ISR programming pins used as single-function pins 
and as dual-function pins. In the single-function case, they 
can be taken advantage of exactly as described above. In the 
dual-function case, they also behave as described above, and 
in addition they do not interfere with the normal function of the 
pin. Once the device is no longer being programmed, the nor- 
mal function of the pin becomes its main use. If, in that normal 
function, the |/O is first three-stated, the bus-hold structure 
operates as described before; if, in that normal function, the 
/O is first driven as an output, the bus-hold structure does not 
interfere; and if, in that normal function, the I/O is first driven 
as an input, the bus-hold structure holds the last value until a 
new one is driven. . 


The bus-hold structures are also useful on normal pins (i.e., 
non-programming pins). Just as the bus-hold eliminates the 
need for external pull-up resistors, or any other method for 
dealing with floating ISR programming pins, they also elimi- 
nate the need for dealing with floating non-programming, gen- 
eral-purpose input and I/O pins. This can be especially useful 
during the debugging of a design where you may want to 
leave all unused pins on a CPLD unconnected in case you 
need to add more signals as the design evolves. You can take 
advantage of the bus-hold structures to make that as easy as 
possible. You simply do not use those pins when describing 
and compiling your design, and you then leave those unused 
pins unconnected on your board. The bus-hold structures 
then act as pull-ups on these pins, but they are better because 
there is no external resistor connecting the pin to VCC or 
GND. This most importantly saves you time. When you need 
to add a signal to a formerly unused pin, you simply make that 
connection on your board; you do not also have to break the 
connection to VCC or GND like you would have to if you used 
an external pull-up. 


Note that the ISR* pin from the ISR programming cable con- 
nector does not necessarily connect to a FLASH370i I/O pin. 
Since it does not, you must use a pull-up on the ISR* signal 
on your board so that it is not left floating when the ISR pro- 
gramming cable is disconnected. 


Handling the 12V Signal on the Board 


There are two requirements on the ISR programming voltage 
that necessitate special handling. The first is that its voltage 
must be in the range 11.4V < ISRVPP < 12.6V during pro- 
gramming, and the second is that its maximum current is 40 
mA per FLASH370i device during programming. The 5V/12V 
DC/DC converter and other components in the ISR program- 


ming cable described in this application note have been cho- 
sen to ensure that these specifications are met. Because of 
this, if you are using the ISR programming cable for program- 
ming the FLASH370i devices, it would be a good idea to just 
use the 12V supplied by the ISR programming cable for IS- 
RVPP even if 12V is available on the board on which the de- 
vices are being used or from the backplane to which that 
board is connected. 


Because of the higher than usual current and voltage require- 
ments on the ISRVPP signal, the trace on the printed-circuit 
board connecting the ISRVPP pin from the ISR programming 
cable to the ISRVPP pin on the FLASH370i device(s) also de- 
serves special attention. First, to handle the current, the trace 
should be double the width of the standard traces. Second, 
the trace should be kept as short as possible. In general, this 
means the connector for the ISR programming cable should 
be place as close as possible to the FLASH370i devices on 
the board. Since the connector is small, it is much easier to 
move the connector to be close to the devices than change 
the whole board layout to place the devices close to the cho- 
sen spot for the connector. 


Conclusion 


In-system reprogrammability (ISR) in a CPLD has several 
benefits. It allows engineering development and debugging 
without having to socket the CPLDs and without having to 
remove them and reprogram them in a device programmer. 
This saves time regardless of the package type you decide to 
use. ISR jis especially valuable when you decide to use 
fine-pitch packages like TQFPs. Like before, it allows you to 
use them without sockets, which means, again, no handling 
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of devices for reprogramming. Not only does that save time, 
but in this case, it also avoids the higher potential for bending 
leads on very fine-leaded devices. Also, by allowing you to 
solder TQFP packages directly onto a board without sockets, 
it helps you avoid spending time simply checking de- 
vice-to-socket-lead connections during debugging. ISR also 
allows for designs which can be reconfigured in the field, ei- 
ther by a software update or by an input from the system they 
are in. The superior routability and flexible architecture of the 
Cypress FLASH370i CPLDs enhance the value of all of these 
benefits greatly by allowing you to actually make design 
changes during prototyping, debugging, or field operation and 
still successfully route to the already-defined pinout, even on 
designs that are utilizing most or all of many of the device’s 
resources. 


This application note shows how to take advantage of the 
in-system reprogrammability of the FLASH370i family by us- 
ing a cable connected to the parallel port of a PC for program- 
ming the CPLDs on a board. This is typically the way these 
parts are used during development and debugging, which, as 
described above, is an area where the FLASH370i architec- 
ture and routability are particularly useful. This application 
note explains all of the details of the programming cable and 
the signals it uses, and it also covers many design techniques 
and considerations that show how to most easily use the de- 
sired capabilities of these parts. These include logic designs 
for using the dual-function pins on FLASH370i devices whose 
programming signals share pins with I/O signals, tips for han- 
dling the 12-volt programming signal on your board, and de- 
tails of the ISR programming software configuration file. 


FLASH370i, ISR, and Warp are trademarks of Cypress Semiconductor Corporation. 


PAL is a registered trademark of Advanced Micro Devices. 
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Using Hierarchy in VHDL Design 


Introduction 


Hierarchical design methodology has been commonly used 
for quite some time by system designers and software devel- 
opers. There are two primary advantages to using this meth- 
odology. First, it allows commonly-used building blocks to be 
created separately and saved for later use without having to 
redesign or reverify them. Second, it allows for more readable 
design files by keeping the top-level design file as a simple 
integration of smaller building blocks, either user-defined or 
from a vendor-supplied library. In system design, these build- 
ing blocks normally take the form of schematic symbols in- 
stantiated into a schematic drawing, while in software they are 
functions or procedures that are called from the main pro- 
gram. 


VHDL includes a set of features specifically designed to make 
hierarchical design both simple and powerful. This note will 
first describe these features and then walk through a simple 
example of how they might be used. It assumes that the read- 
er is familiar with how to create a VHDL design unit consisting 
of an entity-architecture pair. 


Key Concepts 


In order to construct a hierarchical design in VHDL, the de- 


signer must understand the concepts of components, pack- 
ages and libraries. 


Component — A component is a VHDL design unit that may 
be instantiated in other VHDL design units. Before it can be 
instantiated, it must be declared using the COMPONENT 
declaration which specifies the name of the component and 
lists its local signal names. 


Package — A package is a collection of VHDL declarations 
that can be used by other VHDL descriptions. For the purpose 
of creating hierarchical designs, a package consists of one or 
more components. However, a package may also include oth- 
er types of declarations. 


Library — A library is a logical storage facility for design units. 
Before a component can be instantiated in a higher-level de- 
sign unit, its package must be compiled into a library that is 
visible to that design unit, usually the current work library. 


Simple Example 


Consider the following example. A designer discovers that for 
a specific type of circuit design he commonly needs an un- 
usual type of counter. (“Commonly,’ in this reference, means 
that this counter is likely to be used either multiple times in a 
particular design or across multiple designs. Both are cases 
where hierarchical design simplifies things.) This counter is a 
simple four-bit counter, but it must output a terminal count 
indication (tc) and roll over to zero when it reaches 1110 rath- 
er than 1111. 


A design file that would accomplish this is shown in Appendix 
A. (The reader should understand the contents of the enti- 
ty-architecture pair—they will not be discussed further.) In or- 
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der to use this counter in other VHDL design units, it is de- 
clared as a component within a package at the top of the file. 
The component declaration simply names the design unit and 
lists its signal names. When this file is compiled, the package 
is placed into the current library and the component it con- 
tains may then be instantiated into other designs compiled 
into that library. If this were a standalone design, the entire 
package declaration could be omitted. 


Now, suppose this design consists of two of these counters 
with their outputs multiplexed as in Figure 1. We can then 
instantiate our counter twice as in the design in Appendix B. 
All that is necessary is the statement: 


use work.cnt_pkg.all; 


at the top of the file, which makes any components in the 
cnt_pkg visible within the current design unit, as long as the 
package was compiled into the work library. The counters are 
then instantiated by giving them unique labels and listing the 
signals connected to the port map in the same order as the 
component declaration. 


We could also have created the mux as a separate compo- 
nent and instantiated it, but it is simpler to use the if-then-else 
structure. 


Multiple Components 


For further illustration, assume our complete design includes 
two types of counters, one that rolls over at 1110 and one that 
rolls over at 1011, as shown in Figure 2. We could simply 
repeat the above procedure and create another design file 
with another component and package and then use both of 
these packages in our top-level design file. 


However, it may be easier to keep track of things if we keep 
similar counter designs together in a single package as in 
Appendix C. This file contains both entity-architecture pairs 
and two components in a single package. As before, when 
this file is compiled, the package is added to the current li- 
brary and its components are made visible with a single-use 
clause as in Appendix D. 


Configurable Components using Generics 


When multiple components that have the same basic archi- 
tecture but differ in one or more parameters are needed (such 
as the two counters in the previous example) VHDL generics 
allow a more compact approach. Generics are a means by 
which parameters may be passed to a component when it is 
instantiated allowing a configurable component. 


In Appendix E a component is created that is the same basic 
counter, but allows the terminal count to be configured using 
a generic. Instead of hard-coding this value, a bit_vector is 
used in the architecture. This bit_vector is then declared in 
the entity and component declarations. Generics may also be 
of other types such as integers and a component may contain 
multiple generics (although our example contains only one). 
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ag CYPRESS 
COUNTER A 
TCA 
ENABLE A : 
4 
CNT[3..0] 
SEL J oL- 
4 
COUNTER B 
RESET TCB 


ENABLE B 


CLK 
Figure 1. Multiplexed Dual Counter Design | 
Appendix F is the top-level design unit of the same design from Figure 2, but this time it is using the component with the generic 
rather than two different components. When the component is instantiated, it is configured by passing it the specific bit_vector in 


the generic map. 
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ENABLE A 


CNT[3..0] 


aN 


COUNTER B 


TCC 


ENABLE B 


TCD 


ENABLE C 


SE 


RESET 


ENABLE D 
Figure 2. Multiplexed Quad Counter Design 
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Appendix A. Counter with Terminal Count and Rollover Selection 


package cnt_pkg is 
component countl15 port ( 
clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
Besout bit) 
end Component ; 
end cnt _pkg; 
use work.bit_arith.all; 


entity count1l5 is port ( 
clk, enable, reset:in bit; 
cnt:inout bit _vector (3 downto 0); 
EGPOULA~ Dat hs 

end counti5; 


architecture one of counti5 is 
begin 


process (cnt) begin 
AT, Sena TIO hen 
Eeea 7 is 
else 
besa Os 
end if; 


end process; 


process(clk,reset) begin 
if reset='1’ then 
Cnhi<="0000"s 
elsif (clk’event and clk=’1’) then 
if cnt="1110" and enable='1’ then 
ent<="0000"; 
elsif enable='1’ then 
cnt<=cnt+1Ls 
else 
CnHlC<=cnHnet = 
end if; 
end if; 


end process; 


end one; 
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Appendix B. Instantiation of Counter from Appendix A 


use work.cnt_pkg.all; 


entity muxcntr is port ( 
clk, enablea, enableb, reset, sel:in bit; 
ent:sout bit_vector (3 downto 0); 
tea, tcb:out bit); 

end muxcntr; 


architecture one of muxcntr is 

Signal muxina, muxinb:bit_vector(3 downto 0); 

begin 

cntra:count15 port map(clk, enablea, reset, muxina, tca); 
cntrb:count15 port map(clk, enableb, reset, muxinb, tcb); 


process (sel) begin 
if sel='1’ then 
ent<=muxina; 
else 
cnt<=muxinb; 
end if; 


end process; 
end one; 
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CYPRESS , 
Appendix C. Multiple Counters in a Single Package 


package cnt_pkg is 
component count15 port ( 
clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
tesout. bit): 
end component; 
component countl12 port ( 
clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
tezout prt hk: 
end component; 
end cnt_pkg; 
use work.bit_arith.all; 
entity countl15 is port ( 
clk, enable, reset:in bit; 
cnt:inout bit _vector (3 downto 


te:out bit); 
end count15; 
architecture one of counti15 is 
begin 
process (cnt) begin 
1£f cnt="1110" then 
tos! ds 
else 
ier <a 0 ae 


end if; 
begin 


end process; 
process (clk,reset) 
if reset='’1’ then 
ent<="0000'" 
elsif (clk’event and clk='1') then 
if cnt="1110" and enable='1’ then 
ent<="0000"; 
then 


elsif enable='1’ 
cnt<=cnt+1; 


else 
cnt<=cnt; 
end if; 
end if; 
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Appendix C. Multiple Counters in a Single Package (continued) 


end process; 
end one; 


use work.bit_arith.all; 


entity countl12 is port ( 
clk, enable, reset:in bit; 
cnt:inout bit vector (3 downto Q); 
ECs out: bEC):; 

end countl12; 


architecture one of countl2 is 
begin 


process (cnt) begin 
LP cne="1011" then 


tenet 17s 
else 

te<=s" 04 
end if; 


end process; 


process(clk,reset) begin 
if reset=’1’ then 
cnt<="0000" > 
elsif (clk’event and clk='1’) then 
1f cnt="1011" and enable='’1’ then 
ent<="0000"; 
elsif enable='1’ then 
ent<=cnt+1; 
else 
Cnipe=Chices 
end if; 


end if; 


end process; 
end one; 
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Appendix D. instantiation of Counters in Appendix C 


use work.cnt_pkg.all; 


entity muxcntr is port ( 
clk, enablea, enableb, enablec, enabled, reset:in bit; 
sel:in bit_vector (1 downto 0); 
cnt:out bit_vector (3 downto 0); 
tca; tch, tee, tcd-out: bit); 
end muxcntr; 


architecture one of muxcntr is 


Signal muxina, muxinb, muxinc, muxind:bit_vector(3 downto 0); 


cntra:counti5 port map(clk, enablea, reset, muxina, tca) 
cntrb:counti5 port map(clk, enableb, reset, muxinb, tcb); 
ecntre:count1i2 port map(clk, enablec, reset, muxinc, tcc); 
cntrd:counti2 port map(clk, enabled, reset, muxind, tcd) 


process (sel) begin 
1£ sel="11" then 
cnt<=muxina; 
elsif sel="10" then 
ent<=muxinb; 
elsif sel="01" then 
ent<=muxinc; 
else 
cnt<=muxind; 
end if; 


end process; 
end one; 
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Appendix E. Parametrizable Counters Using Generics 


package cnt_pkg is 
component countg 
generic (stop:bit_vector(3 downto 0):="1111"); 
port ( 
clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
icrout bit) 
end component; 
end cnt_pkg; 


use work.bit_arith.all; 


entity countg is 
generic (stop:bit_vector(3 downto 0):="1111"); 
port ( 
clk, enable, reset:in bit; 
cnt:inout bit_vector (3 downto 0); 
ECroul. Bie) 
end countg; 


architecture one of countg is 
begin 


process (cnt) begin 
if cnt=stop then 


tees is).7 
else 

EC<=*0" + 
end if; 


end process; 


process(clk,reset) begin 
if reset='1’ then 
ent<=" 0000" ¢ 
elsif (clk’event and clk='1"’) then 
if cnt=stop and enable='1’ then 
cnt<="0000* > 
elsif enable='1’ then 
ent<=cnt+1; 
else 
Cne<=CnG? 
end if; 
end if; 


end process; 
end one; 
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Appendix F. Multiplexed Quad Counter Design 


use work.cnt_pkg.all; 


entity muxcntr is port ( 
clk, enablea, enableb, enablec, 
sel:in bit_vector (1 downto 0); 
cnt:out bit_vector (3 downto 0); 
tea; ‘tceb,. tec, tedsout- bits: 

end muxcntr; 


architecture one of muxcntr is 


Signal muxina, muxinb, muxinc, muxind: 


begin 
cntra:countg generic map("1110") port 
cntrb:countg generic map("1110") port 
cntre:countg generic map("1011") port 
cntrd:countg generic map("1011") port 
process (sel) begin 

if sel="11" then 


cnt<=muxina; 
elsif sel="10" then 

cnt<=muxinb;: 
elsif sel="01" then 

cnt<=muxinc; 
else 

ent<=muxind; 
end if; 


end process; 
end one; 


enabled, 


reset:in bit; 


bit_vector(3 downto 0); 


map(clk, enablea, reset, muxina, tca); 
map(clk, enableb, reset, muxinb, tcb); 
map(clk, enablec, reset, muxinc, tcc); 
map(clk, enabled, reset, muxind, tcd); 
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Quality, Reliability, and Process Flows 


Corporate Views on Quality and Reliability 


Cypress believes in product excellence. Excellence can only 
be defined by how the users perceive both our product quality 
and reliability. If you, the user, are not satisfied with every 
device that is shipped, then product excellence has not been 
achieved. 


Product excellence does not occur by following the industry 
norms. It begins by being better than one’s competitors, with 
better designs, processes, controls and materials. Therefore, 
product quality and reliability are built into every Cypress 
product from the beginning. 


Some of the techniques used to insure product excellence are 
the following: 


e Product Reliability is built into every product design, starting 
from the initial design conception. 


Product Quality is built into every step of the manufacturing 
process through stringent inspections of incoming materi- 
als and conformance checks after critical process steps. 


Stringent inspections and reliability conformance checks 
are done on finished product to insure the finished product 
quality requirements are met. 


Field data test results are encouraged and tracked so that 
accelerated testing can be correlated to actual use experi- 
ences. 


Product Testing Categories 

Three different testing categories are offered by Cypress: 
1. Commercial operating range product: 0°C to +70°C. 
2. Industrial operating range product: —40°C to +85°C. 


3. Military SMD (Standard Military Drawing) product pro- 
cessed to QML Mil PRF 38535; Military operating range: 
~—55°C to +125°C. 


Military Product Assurance 


Cypress under the QML program, uses MIL-STD-883 and 
MIL-PRF-38535 as baseline documents to determine our 
Test Methods, Procedures and General Specifications for 
Semiconductors. 


Cypress’s Military components and SMD products are pro- 
cessed per MIL-STD-883 using methods 5004 and 5005 to 
baseline our screening and quality conformance procedures. 
Refer to Tables 3to 7for the baseline flows and requirements. 
The processing performed by Cypress results in a product 
that meets the class B screening requirements as specified 
by these methods. Every device shipped, as a minimum, 
meets these requirements. 


Commercial Product Assurance 


Cypress is a 1SO9000 certified supplier. All commercial and 
industrial temp range products are manufactured using the 
same controlled systems as our QML military product. Tables 
7 and 2define the 100% screening and conformance inspec- 
tion for commercial and industrial temp range product. 
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Table 1. Cypress Commercial and Industrial Product Screening Flows—Components 


: Product Temperature Ranges ——s 
Commercial 0°C to +70°C; 
bg Industrial —40°C to +85°C 


MiL-STD-883 Method [Plastic —‘|_——~Hermetio—_— 


0.4% AQL 


Visual/Mechanical 
e Internal Visual 


* Hermeticity 
—Fine Leak 
—Gross Leak 


Final Electrical 


* Static (DC), Functional, and 
Switching (AC) Tests 


Cypress Quality 
Lot Acceptance 


¢ External Visual 
¢ Final Electrical Conformance 


2010 


Does Not Apply 


1014, Cond A or B (sample) 
Does Not Apply 


1014, Cond C 
Per Device Specification 


1. At Hot Temperature and 
Power Supply Extremes 


2009 | 
Cypress Method 17-00064 


Table 2. Cypress Commercial and Industrial Product Screening Flows—Modules 


Product Temperature Ranges 


Commercial 0°C to +70°C; 
| Industrial —40°C to +85°C 


MIL-STD-883 Method 
Per Device Specification 


1. At 25°C and Power 
Supply Extremes 


2. At Hot Temperature and 
Power Supply Extremes 


Screen 
Final Electrical 


¢ Static (DC), Functional, and 
Switching (AC) Tests 


100% 


100% 


Cypress Quality 
Lot Acceptance 


¢ External Visual 
¢ Final Electrical Conformance 


Note: 
1. Lot acceptance testing is performed on every lot. AOQL (the Average Outgoing Quality Level) for 1995 was 0 PPM. 


Per Cypress Module Specification 
Note 1 


2009 
Cypress Method 17-00064 


es 
fe Quality, Reliability, and Process Flows 


Method 5004 of QML/JAN/SMD/M 
MIL-STD-883 Components 


Table 3. Cypress QML/JAN/SMD/Military Product Screening Flows for Class B 
Screening Per Product Temperature Ranges —55°C to +125°C 
iijtary 
Military Modules 
Visual/Mechanical 
¢ Internal Visual 
e Temperature Cycling 
e Constant Acceleration 


Method 2010, Cond B 
Method 1010, Cond C, (10 cycles) 


Method 2001, Cond E (Min.), 
Y1 Orientation Only 


¢ Hermeticity: 
—Fine Leak Method 1014, Cond A orB 
—Gross Leak Method 1014, Cond C 
Burn-in 
100% 


Per Applicable Device 
Specification 
e Burn-in Test Method 1015, Cond D, 100% 
160 Hrs at 125°C Min. or (48 Hours at 125°C) 
80 Hrs at 150°C 
100% 


e Post-Burn-in Electrical Per Applicable Device 
Specification 


e Pre-Burn-in Electrical 
Parameters 


Parameters 
5% 


e Percent Defective Maximum PDA, for All Lots 
Allowable (PDA) 


Final Electrical Tests | 
e Static Tests Method 5005 100% Test to 100% Test to 
Subgroups 1, 2, and 3 Applicable Device Applicable Device 
Specification Specification 


100% Test to 100% Test to 


e Functional Tests Method 5005 
Subgroups 7, 8A, and 8B Applicable Device Applicable Device 
Specification Specification 


100% Test to 100% Test to 


e Switching Method 5005 
Subgroups 9, 10, and 11 Applicable Device Applicable Device 
Specification Specification 


Quality Conformance Tests 
Method 5005, See Table 4 


Method 5005, See Table 5 
Method 5005, See Table 6 


e Group A 
e Group B 


¢ Group Cl! 
Method 5005, See Table 7 


e Group DI 
External Visual Method 2009 100% 100% 


Notes: 
2. QML product is allowed a reduction in screening requirements with DESC approval per MiL-PRF-38535. 
3. Group C and D end-point electrical tests for QML/SMD/Military Grade products are performed to Group A subgroups 1, 2, 3, 7, 8A, 8B, 9, 10, 11, or per JAN 


Slash Sheet. 
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Table 4. Group A Test Descriptions 


Static Tests at 25°C 


Sample Size/Accept No. 
Components 
116/0 
116/0 


Sub- 
group 
1 


Modules! 


116/0 
116/0 


116/0 


116/0 
116/0 


116/0 


116/0 


1416/0 
116/0 


116/0 116/0 
116/0 116/0 


Static Tests at 
Maximum Rated 
Operating Tempera- 
ture 


Static Tests at 
Minimum Rated 
Operating Tempera- 
ture 


4 Dynamic Tests at 
25°C 


Dynamic Tests at 
Maximum Rated 
Operating Tempera- 
ture 


Dynamic Tests at 
Minimum Rated 
Operating Tempera- 
ture 


7 Functional Tests at 
25°C 

Functional Tests at 
Maximum Tempera- 
ture 


Functional Tests at 
Minimum Tempera- 
ture 


Switching Tests at 
25°C 


Switching Tests at 
Maximum Tempera- 
ture 


Switching Tests at 
Minimum Tempera- 
ture 


116/0 


116/0 


116/0 


116/0 


116/0 


~116/0 


0 


aks © 


A 


116/0 


~  116/0 


as 


Notes: 
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Cypress uses an LTPD sampling plan that was developed by 
the Military to assure product quality. Testing is performed to 
the subgroups found to be appropriate for the particular de- 
vice type. All Military products have a Group A sample test 
performed on each inspection lot per MIL-PRF-38535 or 
MIL-STD-883 and the applicable device specification. 


Table 5. Group B Quality Tests 


Quantity/Accept # 
Sub- or LTPD 
group Description 


2 Resistance to Sol- 3/0 
vents, Method 2015 
3 Solderability, 
Method 2003)! 
5 Bond Strength 7 
Method 2011161 


Group B testing is performed for each inspection lot. An in- 
spection lot is defined as a group of material of the same 
device type, package type and lead finish built within a six 
week seal period and submitted to Group B testing at the 
same time. 


Table 6. Group C Quality Tests 


Sub- LTPD 
group | Description _[ Components | Modules!” 
1 15/0 


Steady State Life 45/0 


Test, End-Point 
Electricals, Method 
1005, Cond D 


Group C tests for all Military Grade products are performed 
on one device type from one inspection lot representing each 


technology. Sample tests are performed _ per 
MIL-PRF-38535/MIL-STD-883 from each four calendar quar- 
ters production of devices, which is based upon the die fabri- 
cation date code. 


End-point electrical tests and parameters are performed per 
the applicable device specification. 


4. Military Grade Modules are processed to proposed JEDEC standard flows for MIL-STD-883 compliant modules. Alternate Group A method as detailed in 


JC-13-BP-123A. 
5. Sample size is based upon leads taken from a minimum of 3 devices. 
6. Sample size is based upon leads taken from a minimum of 4 devices. 


Quantity/Accept # 
or LTPD 
Description _| Components | Modules” 
1 Physical Dimensions, 15/0 15/0 
Method 2016 


2  |Lead Integrity, Seal: 45/0 15/0 
Fine and Gross Leak, N/A 
Method 2004 and 1014 for Seal 


15/0 
N/A for 
Moisture 


Thermal Shock, Temp- 
Cycling, Moisture Re- 
sistance, Seal: Fine 


and Gross Leak, Visual Resis- 
Examination, End- tance; N/A 
Point, Electricals, for Fine 
Methods 1011, 1010, Leak 


15/0 


1004, and 1014 


Mechanical Shock, 
Vibration - Variable 
Frequency, Constant 
Acceleration, Seal: 


15/0 
N/A for 
Constant 
Accelera- 


Fine and Gross Leak, tion; 
Visual Examination, N/A for 
End-Point Electricals, Fine Leak 


Methods 2002, 2007, 
2001, and 1014 


Salt Atmosphere, 
Seal: Fine & Gross Leak, 
Visual Examination, 

Methods 1009 & 1014 


Internal Water-Vapor 
Content; 5000 ppm 

maximum @ 100°C. 
Method 1018 


15/0 
N/A for 
Fine Leak 


Group D tests for all Military Grade procedures are performed 
per MIL-PRF-38535/MIL-STD-883 on each package type 
from each six months of production, based on the identifica- 
tion (or date) codes. 


End-point electrical tests and parameters are performed per 
the applicable device specification. 


Military Modules 


¢ Military Temperature Grade Modules are designated with 
an ‘M’ suffix only. These modules are screened to standard 
combined flows and tested at both military temperature 
extremes. 


e MIL-STD-883 Equivalent Modules are processed to pro- 
posed JEDEC standard flows for MIL-STD-883 compliant 


Notes: 
7. Does not apply to leadless chip carriers. 
8. Based on the number of leads. 
9. Applies only to packages with glass seals. 
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modules. All MIL-STD-883 equivalent modules are assem- 
bled with fully compliant MIL-STD-883 components. 
Product Screening Summary Components 
Commercial and Industrial Product 
¢ Screened per Table 1 product assurance flows 
¢ Hermetic and molded packages available 


¢ Incoming mechanical and electrical performance guaran- 
teed: 


— 0.02% AQL Electrical Sample test performed on every 
lot prior to shipment 


— 0.01% AQL External Visual Sample inspection 
¢ Electrically tested to Cypress data sheet 
Ordering Information 
¢ Order Standard Cypress part number 
¢ Parts marked the same as ordered part number 
Ex: CY7C122—15PC, PALC22V10-—25PI 
Military Product 


¢ SMD and Military components are manufactured in com- 
pliance with paragraph 1.2.1 of MIL-STD-883. Compliant 
products are identified by an ‘MB’ suffix on the part number 
(CY7C122-—25DMB) and the letter “C” 


¢ QML devices are manufactured in accordance with 
MIL-PRF-38535. Compliant products are identified with the 
letter “Q.” 


e Military devices electrically tested to: 


— SMD devices are electrically tested to the applicable 
standard military drawing specifications 


OR 
— Cypress data sheet specifications 
All devices supplied in hermetic packages 


Quality conformance inspection: Method 5005, Groups A, 
B, C, and D performed as part of the standard process flow 


Burn-in performed on all devices 


— Cypress detailed circuit specification for non-JAN de- 
vices 


Static functional and switching tests performed at 25°C as 
well as temperature and power supply extremes on 100% 
of the product in every lot 


Ordering Information 
SMD Product: 
¢ Order per military document 


¢ Marked per military document 
Ex: 5962—8867001LA 


Military Product: 
¢ Order per Cypress standard military part number 


e Marked the same as ordered part number 
Ex: CY7C122—25DMB 
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C INCOMING MATERIALS 
INSPECTION 


All incoming materials are inspected to documented procedures covering the 
handling, inspection, storage, and release of raw materials used in the 
manufacture of Cypress products. Materials inspected are: wafers, masks, 
leadframes, ceramic packages and/or piece parts, molding compounds, gases, 
chemicals, etc. 


Sheet resistance, implant dose, species and CV characteristicsare measured 
for all critical implants on every product run. Testwafers may be used to collect 
this data instead of actual production wafers. If this is done, they are processed 
with the standard product prior to collecting specific data. This insures accurate 
correlation between the actual product and the wafers used to monitor 
implantation. 


DIFFUSION/ION- 
IMPLANTATION 


7“ 
> 
8) 


“| 
> 
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OXIDATION Sample wafers and sample sites are inspected on each run from various 
positions of the furnace load to inspect for oxide thickness. Theintegrity of 


critical oxides is monitored at electrical test. 


FAB PHOTOLITHOGRAPHY 
/ETCHING 


Appearance of resist is checked by the operator after the spin operation. Also, 
after the film is developed, both dimensions and appearance are checked by 

the operator on a sample of wafers and locations upon each wafer. Final CDs 
and alignment are also sample inspected on several wafers and sites on each 
wafer on every product run. 


Film thickness is monitored on a daily basis. Step coverage cross—sectionsare 
performed on a periodic basis to insure coverage. 


FAB METALIZATION 


FAB PASSIVATION — Film thickness is verified on a sample of wafers and locations on each run. Film 


stress is monitored on a weekly basis. 


FAB QC VISUALOF 
WAFERS 


Electrical test is performed for final process electrical characteristicson every 
wafer. 


FAB E-TEST 


FAB QC MONITOROF 
E-TESTDATA 


Weekly review of all data trends; running averages, minimums, maximums, 
etc. are reviewed with the process control manager. 


TEST WAFERPROBE/SORT Verify functionality, electrical characteristics, stress test devices. 


TEST QC CHECK PROBING 
AND ELECTRICAL 
TEST RESULTS 


Pass/faillot based on yield and correct probe placement. 


TO ASSEMBLY 
AND TEST 
(continued) 
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Product Quality Assurance Flow—Components (continued) 
Commercial and Industrial Product 


COMMERCIAL AND INDUSTRIAL PRODUCT 


PLASTIC 
ASSEMBLY 


FLOW 


HERMETIC 


Wafer Prep/Mount/Saw 


Inspect for accurate sawing of 
scribeline and 100% saw-through 


Die Visual Inspection 


Inspect die per Cypress equivalentto O 
MIL-STD -883, Method 2010, condition B, 


only done if gate fails 
& QC Visual Lot Acceptance 


Sample inspect die; LTPD5% 


Die Attach 
Attach per Cypress detailed specification 


QC Process Monitor 
Inspect for die position, quality and uniformity of 
die attach and attachmentstrength, MIL-STD-883, 
Method 2010, criteria 


© Wire Bond iO 
Bond per Cypress detailed specification 


QC Process Monitor - Wire Bonding 
Monitor bond strength and failure mode 


Internal Visual Inspection 


Low-power (30x) inspection of workmanship 
MIL-STD-883, Method 2010, condition B 


&. QC Visual Lot Acceptance 


Sample inspect lot to verify workmanship, > 
MIL-STD-883, Method 2010, condition B, 


criteria; LTPD5% 


Die Coat iO} 
Coating applied to selected products 


(continued) 
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Commercial and Industrial Product 
PLASTIC 


Quality, Reliability, and Process Flows 
Product Quality Assurance Flow—Components (continued) 


HERMETIC 
Q 


M 


C Visual Lot Acceptance for Die Coated Products 
old/Encapsulate Plastic Devices 


Seal Hermetic Devices 


Pe 


riodic QC Monitor, Lid-Torque 
Shear strength of glass-frit seal tested 


to MIL-STD883, Method 2024 
Post Mold Cure 


Per Cypress method for molding compound 


Lead Trim/Form | 
Lead trim and form for plastic devices, lead 
trim for hermetic devices (where applicable) 


Lot ID 
Mark assembly lot on devices 


Lead Prep/Finish (Solder Dip) hermetic, 


Solder Plate for Plastic 
Prepare leads for solder dip, solder dip devices 
and inspect for uniform solder coverage 


C Process Monitor 
Verify workmanship and solder coverage 


Fine and Gross Leak Test 
Method 1014, Cond A or B; fine leak (sample) 


Method 1014, Cond C; gross leak (100%) 


External Visual Inspection 
Inspect for workmanship, construction, cracked or 
broken devices, bent leads, crazing, castellation 
alignment, and solder coverage. 
MIL-STD-883, Method 2009 


(continued) 
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Product Quality Assurance Flow—Components (continued) 
Commercial and Industrial Product 
PLASTIC HERMETIC 
Final Electrical Test 
100% test lot; static (DC), functional and switching (AC) 
tests performedper applicable device specification 


Final Device Marking 


Final Visual Inspection 


Inspect for bent leads, marking, solder coverage, etc. 


QC LOT ACCEP ANCE 


External Visual Sample 


Method 2009; 0.065% AQL 


Electrical Sample Test 
0.02% AQL every lot 


Inspection — Pre-Shipment 


Confirm part type, count, package, check for 
completeness of processing requirements, confirm 
supporting documentation is sent, if required 


Pack/Ship Order 


Key 
© Production Process 


[| Test/Inspection 


[O} Production Process and Test Inspection 


> QC Sample Gate and Inspection 
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Product Quality Assurance Flow—Components (continued) 
Military Components 


MILITARY ASSEMBLY FLOW 


Wafer Prep/Mount/Saw 
Inspect for accurate sawing of scribeline and 100% saw-through 


Die Visual Inspection 
Inspect die per MIL-STD-883, Method 2010, condition B 


QC Visual Lot Acceptance 
Sample inspect die; 1.0% AQL 


Die Attach 
Attach per Cypress detailed specification 


Die Adherence Monitor 
MIL-STD-883, Method 2019 or Method 2027 


Wire Bond 
Bond per Cypress detailed specification 


Bond Pull Monitor 
MIL-STD-883, Method 2011 


Internal Visual Inspection 
Low-power and high-power inspection per 


MIL-STD-883, Method 2010, condition B 


QC Visual Lot Acceptance 
Sample inspect lot per MIL-STD883, 


Method 2010, condition B, 0.4% AQL 


Die Coat 
Coating applied to selected products 


QC Visual Lot Acceptance for Die Coated Products 


Seal 


Periodic QC Monitor, Lid-Torque 


Shear strength of glass 


(continued) 
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Product Quality Assurance Flow—Components (continued) 
Military Components 


TemperatureCycle 
Method 1010, Cond C, 10 cycles 


Constant Acceleration 
Method 2001, Cond E, Y1 Orientation 


Lead Trim 
Lead trim when applicable 


Lot ID 
Mark assembly lot on devices 


Lead Finish 
Solder dip or matte tin plate applicable devices and inspect 


C Process Monitor 


Verify workmanship and lead finish coverage 


External Visual Inspection 
Method 2009 


Pre-Burn-In Electrical Test 
Method 5004, per applicable device specification 


Burn-In 
Method 1015, condition D 


Post-Burn-In Electricals 
Method 5004, per applicable device specification 


PDA Calculation 
Method 5004, 5% 


Final Electrical Test 
Method 5004; Static, functional and switching 
tests per applicable device specification 


(continued) 
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Product Quality Assurance Flow—Components (continued) 
Military Components 


Lead Finish -_ Solder Dip 
Solder dip applicable devices 


Fine and Gross Leak Test 
Method 1014, condition A or B, fine leak; condition C, gross leak 


Final Device Marking 
MIL-STD-883 or applicable device specification 


Group B 
Method 5005 


Group A 
Method 5005, per applicable device specification 


Group C and D 
Method 5005, in accordance with 


1.2.1 of MIL-STD-883; JAN devices 
in accordance with MIL-PRF-38535 


External Visual 
Method 2009, 100% inspection 


External Visual Sample 
Method 2009, 0.01% AQL 


Plant Clearance 


Pack/Ship Order 


Key 


Production Process 


Test/Inspection 


Production Process and Test Inspection | 


QC Sample Gate and Inspection 


©oOO 
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Product Quality Assurance Flow—Modules 


Vv All incoming materials are inspected to documented 
Incoming materials | procedures covering the handling, inspection, storage, 
inspection and release of raw materials used in the manufacture of 
Cypress products. Materialsinspected are: substrates, 
active device packages, chip capacitors, lead frames, 
solder paste, inks, chemicals, etc. 


COMMERCIAL MILITARY 
im Kit Picked iz 


Compliance verified, documented, 
and traceability established 


Clean 
Pre-assembly cleaning of components 


Solder Paste Depostion 
Screen printed and/or dispensed per detailed specification 


Component Placement 
Robotic and/or manual per detailed specification 


Solder Reflow 
Microprocessor controlled forced convection 


Data logging 
(optional) 
Clean 
Flux removal by 
semi-aqueous vapor phase 
per detailed specification 


C> Aad visual inspect 100% visual < > 
Double-Sided Assembly 
2-sided Repeat process for side 2 2-sided 


Solder paste deposition Se 


1-sided 1-sided 


Component placement OC} 
Solder reflow & 


Clean 


@ 100% visual inspect 100% visual > 


Es Lead Trim & 


Electrical Test 80°C 100% |O 
(Pre-burn-in test) 


(continued) 
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Product Quality Assurance Flow—Modules (continued) 


Burn-In 
Method 1015 


QC Monitor — Burn-In Documents/ 


Results 


Post-Burn-In_ Electricals 
Per applicable device specification 


QC Inspection 


PDA verified within limits 


Final Device Marking 


Final Electrical Test 
100% test lot; DC, AC, functional, and dynamic 
tests performed per applicable device specification 


Final Visual Inspection 


Confirm part type, count, package, check for 
completeness of processing requirements, confirm 
supporting documentation is sent, if required. 


QA electrical test 
(room temperature) 


Inspection — Pre-Shipment 


Pack/Ship Order 


Key 
‘e) Production Process 


[ ] Test/Inspection 


[O} ~ Production Process and Test Inspection 


oe; QC Sample gate and inspection 
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Reliability Monitor Program 


The Reliability Monitor Program is a documented Cypress 
procedure that is described in Cypress_ specification 
#25-00008, which is available to Cypress customers upon re- 
quest. This specification describes a procedure that provides 
for periodic reliability monitors to insure that all Cypress prod- 
ucts comply with established goals for reliability improvement 
and to minimize reliability risks for Cypress customers. The 
Reliability Monitor Program monitors our most advanced 
technologies and packages. Every technology produced at a 
given fabrication site (Tech. — Fab.) and all assembly houses 
are monitored at least quarterly. If failures occur, detailed fail- 
ure analyses are performed and corrective actions are imple- 
mented. A summary of the Reliability Monitor Program test 
and sampling plan is shown below. 


Reliability Monitor Test Conditions 


High-Temperature HTOL 

Operating Life 

High-Temperature HTSSL +125 
Steady-State Life 

Data Retention for DRET +165 
Plastic Packages 

Data Retention for DRET2 +250 
Ceramic Packages 


Temperature Cycling TC —65 to 

+150°C 
Temperature Extreme TEV 
Verification 


Commercial 
Hot & Cold 
0 to +70°C 


Sample Read Points 
Abbrev. | Temp. (°C) (%) Size LTPD (hrs.) 


[Pressure Cooker | POT | _iai_| 100 


Highly Accelerated Stress | HAST | ee a | 5.5V Static 
Test 


R.H. 
N/A 
N/A 
N/A 
N/A 
100 
85 
N/A 
N/A 
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Quarterly Reliability Monitor Test Matrix 


o Sampling Strategy 


HTOL | Technology—Fab Location 


Technology—Fab Location 
HAST |Technology-Fab Location | 8 

MS [patage fou coat | To 
TC Technology—Fab Location 

tape teeter | ie — 


Lots Tested 
per Quarter 


Sa 
ee Nd 


5.75V Static 1 


788 te 


1 
7 
7 
Fé 
7 
4 
j 


300, 1000 
Cycles 


fe 


i 6 
/A 6 
N/A 6 
N/A 6 
| 6 
N/A 5 
N/A 6 
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Moisture-Sensitive Devices Handling Information 


Cypress Dry Bag Policy 


In order to insure against moisture damage, Cypress carries 
out dry bake and dry packing on all devices that are moisture 
sensitive in surface mount applications. These devices are 
shipped in sealed Moisture Barrier Bags (MBBs) with caution 
labels similar to Figure 1 Cypress recommends that all 
PLCCs with pin counts of 44 and higher, all Plastic Quad Flat 
Packs (PQFPs), and Thin Quad Flat Packs (TQFPs) be used 
dry in surfacemount applications. NOTE: A package is con- 
sidered dry if it has been baked for 24 continuous hours 
at 125 5§C and has been stored at or below 20% Relative 
Humidity (RH) prior to the reflow-soldering process. 


Moisture-Sensitivity 


The extremely high temperatures and steep temperature gra- 
dients that are present during the reflow-soldering processes 
used in attaching surface mount devices to circuit boards 
could damage to moisture-sensitive devices if they have ab- 
sorbed excessive moisture. The moisture trapped in such a 
device vaporizes during the reflow-soldering processes and 
may generate significant hydrostatic pressure within the pack- 
age. In the worst case, this pressure may cause an internal 
or external crack in the overmold that allows flux and other 
contaminants to reach the die area. The final result is a 
cracked device that will suffer an early failure. 


Cypress Dry-Packing Process 


The Cypress dry-packing process starts with baking the 
moisture sensitive devices at 125 5°C for 24 continuous 
hours in bakeable carrier trays (for TSOP, TQFP, PQFP devic- 
es) or aluminum tubes (for SOIC, SOJ, and PLCC devices). 
Baked devices are then vacuum sealed and dry packed in 
MBBs within the 24 hour factory-floor-life limit under con- 
trolled environment. 


In each of the vacuum sealed MBBs, appropriate amount of 
desiccant packs are enclosed to keep the enclosed devices 
at less than 20% RH for up to 12 months from the date of seal 
as stated on the caution label on the bag. A reversible humid- 
ity indicator card (HIC) that has indicator grades, is also en- 
closed to monitor the internal humidity level. On the outside 
of each sealed bag a caution label similar to the one shown 
is attached to inform and alert the customers of the seal date 
information and the need for special handling precautions. 


Dry-Packed Part Handling Procedures 


Package Inspection 


Upon receiving the package, check the seal date and make 
sure that the package has no holes, tears, or openings that 
may endanger the enclosed devices to humidity. Cypress rec- 
ommends that the bag stay sealed until the enclosed devices 
are ready for use. 


Storage Condition 


In line with the warning stated on the caution label, the sealed 
MBBs should be stored unopened in a relatively dry environ- 
ment or one of no more than 90% relative humidity and 40°C. 


Expiration Date: First Seal Date Plus 12 Months 


The expiration date of a sealed MBB is 12 months from the 
original seal date if it has been stored in an environment of 
less than 40°C and 90% humidity. If the expiration date has 
been exceeded, or if upon opening a bag within its stated 
expiration period, the HIC display a humidity level of over 
30%, the enclosed devices “may still be used with the addition 
of a bake of 192 hours at 40°C with less than 5% humidity, or 
a bake of 24 hours at 125°C with less than 5% humidity.” After 
the baking, any of the following options may apply: 


e Use the parts within 48 hours 


e Reseal the devices in a MBB within 12 hours after baking 
with fresh desiccant packs and HIC 


e Store the devices in a controlled cabinet with less than 20% 
RH. 


Opening a Sealed Bag 


When parts are ready to be used, open the MBB by cutting 
across the top within one inch of the seal area. Use the dry 
parts following the guide line under the factory-floor-life sec- 
tion to ensure they are maintained below critical moisture lev- 
els. Opened bags must be resealed immediately (the facto- 
ry-floor-life is cumulative and has a maximum of 24 hours) 
and the information on the date the bag is opened and re- 
sealed must be filled out on the caution label. If the opened 
bag is not resealed immediately, and provided that the facto- 
ry-floor-life has not been exceeded, or in the case of splitting 
the devices of a bag, and new desiccant, the same packing 
and sealing procedure must also be applied. 


Factory Floor Life 


Cypress recommends the maximum cumulative time that de- 
vices can be exposed to the open air without requiring 
re-bake and resulting in moisture-related damages to be 24 


— hours with environment condition not worse than 40°C and 
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85% RH. (This includes processing time after bake but prior 
to seal at Cypress and any time the bag is re-opened after 
seal.) If the floor life is exceeded, it is recommended that the 
devices be dry baked as if the storage period has expired. 


If at any time, the recommended storage and factory floor 
conditions, or handling guidelines might be violated, please 
consult Cypress for more information. 


& Moisture-Sensitive Devices 


CAUTION 


THIS BAG CONTAINS MOISTURE SENSITIVE DEVICES 
DO NOT OPEN EXCEPT UNDER CONTROLLED CONDITIONS 


EXPIRATION DATE: FIRST SEAL DATE PLUS 12 MONTHS 


1. THIS BAG MAY BE STORED FOR UP TO 12 MONTHS AT 40 AND 90% HUMIDITY. 

2. THE CONTENTS OF THIS BAG MAY BE STORED INDEFINITELY AT 20% HUMIDITY. 

3. IF UPON OPENING, THE MOISTURE INDICATOR CARD SHOWS HUMIDITY ABOVE 20%, 
CONTENTS HAVE EXPIRED. 


4. IF CONTENTS ARE EXPIRED THEY MAY STILL BE USED WITH THE ADDITION OF A BAKE 
OF 192 HOURS AT 40° C 5% HUMIDITY, OR A BAKE OF 24 HOURS AT 125 C°5% HUMIDITY. 


CAUTION, THE PACKING MATERIAL WILL MELT AT 125° C AND MAY OUTGAS AT 40°C, 
METAL TUBES OR TRAYS BE USED FOR BAKING. 


5. THE CONTENTS OF THIS BAG MUST BE MOUNTED ON A BOARD WITHIN 48 HOURS OF 
OPENING THIS BAG. 


OUT OF OVEN: SEALED: 
BAG OPENED: SEALED: 
BAG OPENED: SEALED: 


Figure 1. Caution Label 


Document #: 38-00501 


fax id: 8511 
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Thermal Management and Component Reliability 
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One of the key variables determining the long-term reliability slope of the logarithmic plots is given by the activation energy 
of an integrated circuit is the junction temperature of the de- of the failure mechanisms causing thermally activated wear 
vice during operation. Long-term reliability of the semicon- out of the device (see Figure 1). 


ductor chip degrades proportionally with increasing tempera- 
tures following an exponential function described by the 
Arrhenius equation of the kinetics of chemical reactions. The 


Typical activation energies for commonly observed failure 
mechanisms in CMOS devices are shown in Table 17. 
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Figure 1. Arrhenius plot, which assumes a failure rate proportional to EXP (-E,/kT) 
where E, is the activation energy for the particular failure mechanism 
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Table 1. Failure Mechanisms and 
Activation Energies in CMOS Devices 


Activation Energy (Eq) 


Failure Mode 


Electromigration 
Contact Metallurgy 
Surface Charge 
Slow Trapping 


To reduce thermally activated reliability failures, Cypress 
Semiconductor has optimized both their low-power-generat- 
ing CMOS device fabrication process and their high-heat-dis- 
sipation packaging capabilities. Table 2demonstrates this op- 
timized thermal performance by comparing bipolar, NMOS, 
and Cypress high-speed 1K SRAM CMOS devices in their 
respective plastic packaging environments under standard 
operating conditions. 


Contamination 


Table 2. Thermal Performance of Fast 1K SRAMs 
in Plastic Packages 


<a 
Package RTH (JA) CON 
91 


Junction Temperature (°C) ie oS oe 


at Datasheet Prax 

During its normal operation, the Cypress 7C122 device expe- 
riences a 91°C junction temperature, whereas competitive 
devices in their respective packaging environments see a 
45°C and 69°C higher junction temperature. In terms of rela- 
tive reliability life expectancy, assuming a 1.0-eV activation 
energy failure mechanism, this translates into an improve- 
ment in excess of two orders of magnitude (100x) over the 
bipolar 93422 device, and more than one order of magnitude 
(30x) over the NMOS 9122 device. 


Thermal Performance Data of Cypress Compo- 
nent Packages 


The thermal performance of a semiconductor device in its 
package is determined by many factors, including package 


Note: 
1. Tambient = 70°C 
2. ANSYS Finite Element Software User Guides 
3. SDRC-IDEAS Pre and Post Processor User Guide 
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design and construction, packaging materials, chip size, chip 
thickness, chip attachment process and materials, package 
size, etc. 


Thermal Resistance (6 5,, 8 jc) 

Thermal resistance is a measure of the ability of a package 
to transfer the heat generated by the device inside it to the 
ambient. 

For a packaged semiconductor device, heat generated near 
the junction of the powered chip causes the junction temper- 
ature to rise above the ambient temperature. The total ther- 
mal resistance is defined as 


Ty- Ta 
P 


and 0), physically represents the temperature differential be- 
tween the die junction and the surrounding ambient at a pow- 
er dissipation of 1 watt. 


The junction temperature is given by the equation 


QJA= 


Ty = Ta + P[O ya] = Ta + P[8jc + 8a] 


where 


Ta = Ambient temperature at which the device is operated; 


Most common standard temperature of operation is 
room temperature to 70°C. 


Ty = Junction temperature of the IC chip. 

Tc = Temperature of the case (package). 

P = Power at which the device operates. 

0jc¢ = Junction-to-case thermal resistance. This is mainly a 
function of the thermal properties of the materials con- 
stituting the package. 

Oj, = Junction-to-ambient thermal resistance. The junc- 
tion-to-ambient environment is a still-air environment. 

Oca = Case-to-ambient thermal resistance. This is mainly 


dependent on the surface area available for convection 
and radiation and the ambient conditions among other 
factors. This can be controlled at the user end by using 
heat sinks providing greater surface area and better 
conduction path or by air or liquid cooling. 
Thermal Resistance: Finite Element Model 
8 jc and 05, values given in the following figures and listed in 
the following tables have been obtained by simulation using 
the Finite element software ANSYS/!_ SDRC-IDEAS Pre and 
Post processor software!*! was used to create the finite ele- 
ment model of the packages and the ANSYS input data re- 
quired for analysis. : 
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SEMI Standard (Semiconductor Equipment and Materials In- 
ternational) method SEMI G30-88'“! states “heat sink” mount- 
ing technique to be the “reference” method for 8 jc estimation 
of ceramic packages. Accordingly, 8), of packages has been 
obtained by applying the boundary conditions that corre- 
spond to the heat sink mounted on the packages in the sim- 
ulation. 


For 0), evaluation, SEMI standard specification SEMI 
G38-87 suggests using a package-mounting arrangement 
that approximates the application environment. So, in evalu- 
ating the 9),, package on-board configuration is assumed. 


Model Description 


e One quarter of the package is mounted on a FR-4 PC 
board.. 


¢ Leads have been modeled as a continuous metallic plane, 
and equivalent thermal properties have been used to ac- 
count for the plastic (or the glass in the case of ceramic 
packages) that fills the space between the leads. 


¢ 1W power dissipation over the entire chip is assumed. 
¢ 70°C ambient condition is considered. 


Comparison of Simulation Data with Measured 
Data 


In the case of ceramic packages, it is not unusual to see sig- 
nificant differences in 8 jc values when a heat sink is used in the 
place of fluid bath.5! However, SEMI G30-88 test method recom- 
mends the heat sink configuration for 6 j;. evaluation. 

65, values from simulation compare within 12 percent of the 
measured values. 0), values obtained from simulation seem 
to be conservative with an accuracy of about +12 percent. 
Measured values given in Table 3 used the Temperature Sensi- 
tive Parameter method described in MIL STD 883C, method 1012.1. 
The junction-to-ambient measurement was made in a still-air envi- 
ronment where the device was inserted into a low-cost standard-de- 
vice socket and mounted on a standard 0.062” G10 PC board. 


Table 3. 24-Lead Ceramic and Plastic DIPs 


| 
Package | Size (mils) | Measured | Simulation | % Diff. 
24LCDIPE! | 170 x 270 


Thermal Resistance of Packages with Forced 
Convection Air Flow = 


One of the methods adopted to cool the packages on PC 
boards at the system level is to used forced air (fans) specified 
in linear feet per minute or LFM. This helps reduce the device 
operating temperature by lowering the case to ambient ther- 
mal resistance. Available surface area of the package and the 


Notes: 
4. SEMI International Standards, Vol. 4, Packaging Handbook, 1989. 


5. “Thermal resistance measurements and finite calculations for ceramic hermetic 


6. 24LCDIP = 24-lead cerDIP 
7. 24LPDIP = 24-lead plastic DIP 
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orientation of the package with respect to the air flow affect 
the reduction of thermal resistance that can be achieved. A 
general rule of thumb is: 


¢ For plastic packages: 
— 200 LFM air flow can reduce 9), by 20 to 25% 
— 500 LFM air flow can reduce 04, by 30 to 40% 
¢ For ceramic packages: 
— 200 LFM air flow can reduce 9j, by 25 to 30% 
— 500 LFM air flow can reduce 8), by 35 to 45% 


If 84, for a package in still air (no air flow) is known, approximate 
values of thermal resistance at 200 LFM and 500 LFM can be esti- 
mated. For estimation, the factors given in Table 4 can be used as 
a guideline. 


Table 4. Factors for Estimating Thermal Resistance 


Air Flow Rate 
(LFM) 
200 


Multiplication 
Factor 


0.77 


Package Type 


Piso if S20 


Ceramic 


Example: 


65, for a plastic package in still air is given to be 80°C/W. 
Using the multiplication factor from Table 4: 


© 4, at 200 LFM is (80 x 0.77) = 61.6°C/W 
e Qj, at 500 LFM is (80 x 0.66) = 52.8°C/W 


8 ja for a ceramic package in still air is given to be 70°C/W. 
Using Table 4: 


¢ Qj, at 200 LFM is (70 x 0.72) = 50.4°C/W 
¢ ,, at 500 LFM is (70x0.60) = 42.0°C/W 


Presentation of Data 


The following figures and tables present the data taken using 
the aforementioned procedures. The thermal resistance val- 
ues of Cypress standard packages are graphically illustrated 
in Figure 2 through 23. Each envelope represents a spread of 
typical Cypress integrated circuit chip sizes (upper boundary=5000 
mils°, lower boundary = 100,000 mils®) in their thermally optimized 
packaging environments. These graphs should be used in conjunc- 
tion with Table 10, which lists the die sizes of Cypress devices. 


Table 5 through 9 give the thermal resistance values for other 
package types not included in the graphs. The letter in the 
header (D, P. J, etc.) of these tables refer to the package des- 
ignators as detailed in the Package Diagrams section of this 
catalog. The numeric values given in the table (e.g., 20.3) 
refer to the lead count (20) and package width in inches (3). 
If no decimal appears, the reader must refer to the package 
diagrams. a 


packages.” James N. Sweet et. al., SEM/-Therm, 1990. 
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Packaging Materials Cypress cerDIP packages incorporate 
¢ High conductivity alumina substrates 


¢ Silver-filled glass as die attach material 

¢ Alloy 42-lead frame 

e¢ Aluminum bond wires 

¢ Silver-filled conductive epoxy as die attach material 


Cypress plastic packages incorporate: 
¢ High thermal conductivity copper lead frame 
¢ Molding compound with high thermal conductivity 
¢ Gold bond wires 
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Figure 2. Thermal Resistance of Cypress Plastic DIPs (Package type “P”) 
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THERMAL RESISANCE C/WATT 


THERMAL RESISANCE C/WATT 


120 


sare: 
16 20 24 28 32 36 40 44 £48 


LEAD COUNT 


Thermal Management 


DIESIZE 


oe eee 5000 SQ. MIL 
30000 SQ. MIL 
—--—-— _ 100000 SQ. MIL 


Figure 3. Thermal Resistance of Cypress Ceramic DIPs (Package type “D” and “W”) 
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Figure 4. Thermal Resistance of Cypress PLCCs (Package type “J”) 
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THERMAL RESISANCE C/WATT 
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Figure 5. Thermal Resistance of Cypress LCCs (Package type “L’ and “Q”) 
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Figure 6. Thermal Resistance of Cypress Ceramic PGAs 
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Package Type 


Paddle Size Die Size Die Area Osc Oy 
“S” and “V” (mil) LF Material (mil) (sq. mil) (°C/W) (°C/W still air) 


2 
[170x600 [Copper | tatxase [carta [taf 80+ 


Table 6. Plastic Quad Flatpacks 
Pee | tematerat | mi | Mt | cen | com tai 
“N” LF Material (mil) (mil) (°C/W) (°C/W still air) 
[14a [Copper [toto | eaexass [CSC 
[460 [Copper fstoxsi0 | aa0xz00 [te 


A. .: 
140x170 saxe4 | 8202 
105 


Table 7. Ceramic Quad Flatpacks 


Cavity Size Die Size Die Area 0; Oya 
con i ain 
[28 [280260 [Alley | aaax 162 [ae [8 
[28 | 280%250 | Aley 42 [60x40 | e7.00 | eT 
ee 


Package Type 
“HY” and ay” 


400 x 400 Alloy 42 250 x 310 77,900 
400 x 400 Alloy 42 310 x 250 77,500 
450 x 450 Alloy 42 310 x 250 77,500 


Table 8. Cerpacks 


Cavity Size Leadframe Die Size Die Area B5c Qua 
(mil) Material (mil) (sq. mil) (°C/W) (°C/W still air) 
140 x 200 Alloy 42 100 x 118 11,800 
140 x 200 Alloy 42 100 x 118 11,800 
10 
7 


Package Type 
“K” and cc lis 


[20 [180x285 | Alloyaz | veexi7o | ai7e0 [SSC 
[ee | a0 270 | Aloyaz [saxo | ei7e0 [tt 
[2820x210 | Aloy 42 [180x180 | 27,000 
[82 | a0 xaBO | Aloy42 | aatxasa | earig [| 
Note: 

8. The data in Table 6 was simulated for SOIC packaging. 


9. SOICs and SOJs have very similar thermal resistance characteristics. The thermal resistance values given above apply to SOJ packages also. 
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(Cp) 
(ep) 


Cavity Size Leadframe Die Size Die Area Oy 
Package Type (mil) Material (mil) (sq. mil) eciW) 
24 vpIPI 500 x 275 Alloy 42 145 x 213 30,885 a ae 
68 CPGA 350 x 350 323 x 273 88,179 


Note: 
10. VDIP = “PV” package. 
11.CPGA = “G” package. 


Oy 
(°C/W Still air) 


Table 10. Die Sizes of Cypress Devices (continued) 


Part Number Size (mil*) 


Table 10. Die Sizes of Cypress Devices 


sae SSSSCSCS~*S 
#100 


CY7C123 6300 
CY7C128 20007 


OYTC14S 
CY7C168A 
CvTCT86 
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Table 10. Die Sizes of Cypress Devices (continued) 
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Table 10. Die Sizes of Cypress Devices (continued) 


20088 
18116 
aa 
21977 
19562 
18894 
18894 
3700 
3700 
3700 
19926 
18804 
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Table 10. Die Sizes of Cypress Devices (continued) 


CY2910A 21750 


CY2911A 7968 


ECL 
CY100E301L 14875 


Document #: 38-00190 
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Tape and Reel Specifications 


Description 


Surface-mounted devices are packaged in embossed tape 
and wound onto reels for shipment in compliance with Elec- 
tronics Industries Association Standard EIA-481 Rev. A. 


Specifications 
Cover Tape 
¢ The cover tape may not extend past the edge of the carrier 
tapes 
° sb cover tape shall not cover any part of any sprocket 
ole. . 


¢ The seal of the cover tape to the carrier tape is uniform, 
with the seal extending over 100% of the length of each 
pocket, on each side. 

¢ The force to peel back the cover tape from the carrier tape 
shall be: 20 gms minimal, 70 gms nominal, 100 gms max- 
imal, at a pull-back speed of 300 + 10 mm/min. 


SOIC Devices 


TYPICAL 


DIRECTION OF FEED 


SOJ Devices TYPICAL 


DIRECTION OF FEED 
Figure 1. Part Orientation in Carrier Tape 


Loading the Reel 

Empty pockets are not permitted between the first and iast 
filled pockets on the tape. 

The surface-mount devices are placed in the carrier tape with 
the leads down, as shown in Figure 7. 

Leaders and Trailers 


The carrier tape and the cover tape may not be spliced. Both 
tapes must be one ‘Single uninterrupted piece from end to 


end. 


Both ends of the tape must have empty pockets meeting the 
following minimum requirements: 


¢ Trailer end (inside hub of reel) is 300 mm minimum 
¢ Leader end (outside of reel) is 500 mm min., 560 mm max. 
¢ Unfilled leader and trailer pockets are sealed 


e Leaders and trailers are taped to tape and hub respectively 
using masking tape 


PLCC and LCC Devices 
TYPICAL 


DIRECTION OF FEED PIN #1 TO BE ON CIRCULAR . 
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Packaging 
e Full reels contain a standard number of units (refer to Table 
1). Each reel has a 3” hub unless otherwise noted in table. 


Reels may contain up to 4 mark lots. However, in case low 
yield is encountered an additional lot may be added. 


Each reel is packed in an anti-static bag and then in its 
own individual box. 


Labels are placed on each reel as shown in Figure 2. The 
information on the label consists of a minimum of the fol- 
lowing information, which complies with EIA 556, “Shipping 
and Receiving Transaction Bar Code Label Standard”: 


— Barcoded Information: 
Customer PO number 
Quantity 
Date code 


— Human Readable Only: 
Package count (number of reels per order) 
Description 
“Cypress-San Jose” 
Cypress p/n 
Cypress CS number (if applicable) 
Customer p/n 


e Each box will contain an identical label plus an ESD warn- 
ing label. 


Table 1. Parts Per Reel and Tape Specifications 


Carrier Width (mm)|_ Part Pitch (mm) 


Tape and Reel Specifications 


Ordering Information 
CY7Cxxx-yyzzz 

XXX = part type 

yy = speed 

ZZz = package, temperature, and options 


SCT = soic, commercial temperature range 

SIT = soic, industrial temperature range 

SCR = soic, commercial temperature plus burn-in 
SIR = soic, industrial temperature plus burn-in 

VCT = soj, commercial temperature range 

VIT = soj, industrial temperature range 

VCR = soj, commercial temperature plus burn-in 
VIR = soj, industrial temperature plus burn-in 

JCT = picc, commercial temperature range 

JIT = plcc, industrial temperature range 

JCR = picc, commercial temperature range plus burn-in 
JIR = plcc, industrial temperature range plus burn-in 


Notes: 


1. The T or R suffix will not be marked on the device. Units 
will be marked the same as parts in a tube. 


2. Order releases must be in full-reel multiples as listed in Table 1. 


Minimum Partial 
Parts Per Full Reel Quantity 


a a. ae 
350 (ee 7” hub) 


No 
a 


G@)| G| Ph 
NO] Ph] 


wk | mek | ek | mee | me] ek] kf a] |] ok] a] ok] wf oa] ou 
(o>) oO | o NO] PN NO O} OD] PM 
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7,000 80 


(o>) 
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1,000 
1,000 
1 me 
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Tape and Reel Specifications 


\ die TOP COVER TAPE 
OA» 


< EMBOSSMENT 


EMBOSSED CARRIER * 


Tape and Reel Shipping Medium 


ESD STICKER 


TAPE SLOT IN CORE 


REGULAR, SPECIAL, OR 


Label Placement 


Figure 2. Shipping Medium and Label Placement 


Document#: 38-00111-E 
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GENERAL INFORMATION 


SMALL PLDS 


CPLDs 


DEVELOPMENT TOOLS 


APPLICATION NOTES 


QUALITY 
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Package Diagrams 
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Thin Quad Flat Packs 
32-Lead Plastic Thin Quad Flat Pack (TQFP) A32 


fas 3.00) SQ. == 
wea——————|7.00} SQ eel 
DIMENSIONS IN MILLIMETERS 
N LEAD COPLANARITY 0.080 MAX. 
[att fo} C] 

HERAHARHE i 
0.37 +0.08 

O° MIN. 


roy O 
0.08/0.20 R. 


STAND—OFF = 

ce 0.05 MIN. 25 
= 0.15 MAX. GAUGE PLANE 
Er 0.08 “—F 
R. MIN. Oa7° 
0.20 MN 
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WS 
= (8x) DIM. A DIM. Al 
1.60 MAX.| 1.40+0.05 PKG. THICK 
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Al 


HHHHHEEE 


0.20 MAX. 
: 44-Lead Thin Plastic Quad Flat Pack A44 
je [12.00] sq —— 
DIMENSIONS IN MILLIMETERS 
LEAD COPLANARITY 0.080 MAX. 


a [10.00 =e 


HERRERE ARE 
© be 0.37 40.08 
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0.05 MIN. 0.25 - 
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1.60 MAX. 
1.4040.05 


1 -Se 


0.20 MAX. 


Package Diagrams 


64-Pin Thin Quad Fiat Pack A64 
12.,0040.e5 SQ 
10,00+0.10 SQ 
DIMENSIONS IN MILLIMETERS 
LEAD COPLANARITY 0.080 MAX. 
0.e2e+0,05 
0.50 BSC. 
R 0.08 MIN. 
0.c0 MAX, 
STAND-OFF 
0.05 MIN. 
SEATING 0.15 MAX, 
PLANE 
| res | —— 
160 MAX, (ee aed DADUANENEADADOTAENAADADADAENUA 1.40+0,05 R ee a 0-7 
0,600.15 


L 0.20 MAX, 
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Package Diagrams 


64-Lead Thin Plastic Quad Flat Pack A65 
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i i 
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STANDOFF 0.60 t015 


—0,10 
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DIMENSIONS IN MILLIMETERS 
LEAD CUPLANARITY 0.100 MAX, 


ne Package Diagrams 


80-Pin Thin Plastic Quad Flat Pack A80 


or 
|. _______. [4,00] se —______> 
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DIMENSIONS IN MILLIMETERS 
LEAD COPLANARITY 0.080 MAX. 


O° MIN. 
0.08/0.20 R, 
GAUGE PLANE 


Ean saa 
fa STAND—OFF 
0.15 MAX. L y = | 


O 


\ 
‘a 
0.08 


(TT : 

Er 10.65 R, MIN, 0—7° 
0.20 MIN. 
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1.20 MAX.} 1.0040.05 PKG. THICK 


0.20 MAX. 


Package Diagrams 


100-Pin Plastic Thin Quad Flat Pack (TQFP) A100 
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22,00+0,100 SQ 


144-Pin Plastic Thin Quad Flat Pack (TQFP) A144 
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STAND-OF F 
0.05 MIN. 
0.15 MAX. 
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Package Diagrams 


160-Pin Plastic Thin Quad Flat Pack 
(TQFP) A160 


26.00£0.100 SQ a 


1.60 MAX,—= 


Lea +0, Be 
24.00+0.050 SQ 0.20 MAX. 
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1.60 MAX, 025 0.05 MIN. NOTES: 
0.15 MAX, 
SEATING ! ! 1, DIMENSIONS ARE IN MILLIMETERS. 
PLANE i 2, LEAD COPLANARITY 0.100 MAX, 
as ec 3, PACKAGE WIDTH AND LENGTH (24,00+0,05) 
0°-7 0.025 MAX, DOES NOT INCLUDE MOLD PROTRUSION, 
MAX, ALLOWABLE PROTRUSION IS 0.25 MM, 
0,600.15 4, LEAD WIDTH DOES NOT INCLUDE DAMBAR PROTRUSION, 


MAX, ALLOWABLE DAMBAR PROTRUSION 


1.00*0.10 ABOVE LOWER RADIUS IS 0,08 MM. 
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Plastic Pin Grid Arrays 


145-Pin Plastic Grid Array (Cavity Up) B144 


TOP VIEW 
BOTTOM VIEW 
PIN 1 INDICATOR 1524 
040 X 45° an Sas) 1.400 BSC, 
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Ceramic Dual-In-Line Packages 
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16-Lead (300-Mil) CerDIP D2 
MIL-STD-1835 D-2 Config. A 


PIN 1 
DIMENSIONS IN INCHES 
= MIN, 
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18-Lead (300-Mil) CerDIP D4 
MIL-STD-1835 D-6 Config. A 


PIN 1 
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MIN. 
MAX, 
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nee 905 290 
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20-Lead (300-Mil) CerDIP D6 
MIL-STD-1835 D-8 Config. A 
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22-Lead (400-Mil) CerDIP D8 
MIL-STD-1835 D-7 Config. A 
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22-Lead (300-Mil) CerDIP D10 
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24-Lead (600-Mil) CerDIP D12 
MIL-STD-1835 D-3 Config. A 
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24-Lead (300-Mil) CerDIP D14 
MIL-STD-1835 D-9 Config.A 
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065 110 15° 
015 330 
390 


ies 
200 
SEATING PLANE 


020 


28-Lead (600-Mil) CerDIP D16 
MIL-STD-1835 D-10 Config .A 


PIN 1 
DIMENSIONS IN INCHES 
MIN, 
MAX, 
305 
558 
005 MIN. ae 
BASE PLANE 


. 065 
095 
590 
: - ‘620 | 


175 
B25 O15, 
i 060 
125 nie 150 ne 
00 MIN. ‘012 x 
630 15 
690 
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40-Lead (600-Mil) CerDIP D18 
MIL-STD-1835 D-5 Config. A 


PIN 1 


DIMENSIONS IN INCHES 
MIN 
MAX. 


BASE PLANE 


290 
620 


32-Lead (600-Mil) CerDIP D20 


PIN 1 
DIMENSIONS IN INCHES 
I 


MIN 
MAX, 


BASE PLANE 
90 
620 
015 
060 
009 
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28-Lead (300-Mil) CerDIP D22 
MIL-STD-1835 D-15 Config. A 


PIN 1 
DIMENSIONS IN INCHES 
MIN, 
i MAX. 
245 
310 
aes Sl 
265 0S BASE PLANE 
290 
015 320 
060 
150 | 
MIN, 009 
=" O1e 
090. aoe 
| 15° 
015 330 
a35 SEATING PLANE aor 


48-Lead (600-Mil) Sidebraze DIP D26 
MIL-STD-1835 D-14 Config. C 


DIMENSIONS IN INCHES 


PIN 1 


90 
610 
—||_ 020 sol ge MIN. 
BASE PLANE 
2370 030 


a TRI 
- sa Ean 


jes 040 090 
160 060 110 

015 SEATING PLANE 590 

024 620 


7-14 


Package Diagrams 


Package Diagrams 


52-Lead (900-Mil) Bottombraze DIP D28 


DIMENSIONS IN INCHES 
MIN, 
MAX, PIN 1 


64-Lead (900-Mil) Bottombraze DIP D30 


DIMENSIONS IN INCHES 
MIN. 
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32-Lead (300-Mil) CerDIP D32 


PIN 1 
DIMENSIONS IN INCHES 
MIN, 


155 — —— aa 290 


SEATING PLANE 


24-Pin (400-Mil) Sidebraze DIP D40 
MIL-STD-1835 D-11 Config. A 


PIN 1 


DIMENSIONS IN INCHES 
MAX, 


BASE PLANE 


390 
420 | 
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28-Lead (400-Mil) Sidebraze DIP D41 


DIMENSIONS IN INCHES 
MIN. 
MAX, 


PIN. t 


iz 350 
405 
So ee et oe een 2 
JL. ed sete 005 MIN, 


BASE PLANE 


SEATING PLANE 
28-Lead (400-Mil) CerDIP D42 


PIN 1 
DIMENSIONS IN INCHES 


| MIN 
x 

360 

‘| 


=< 
> 


rT 
005 MIN, —={~—— 


1.430 
AQ9 Fe 1485 320 
‘200 O15 420 
— 060 
150 
i MIN, _ 009 
le 
090 3° 
110 ciu 
Q1S = SEATING PLANE a 


BASE PLANE 


28-Lead (600-Mil) Sidebraze DIP D43 


DIMENSIONS IN INCHES 
MIN 


AX, 
aN: 


BASE PLANE 


SEATING PLANE 


32-Lead (400-Mil) CerDIP D44 


PIN i 


DIMENSIONS IN INCHES 
MIN. 
MAX, 


BASE PLANE 
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32-Lead (400-Mil) Sidebraze DIP D46 


DIMENSIONS IN INCHES 
MIN 
MAX, 


PIN 1 


BASE PLANE 
100 1.570 
005 
ae Here | MON. 
dL 040 O91 150 008 
125 O60 - 08 MIN. 012 
030 390 


ee 
SEATING PLANE 


Gc 


32-Lead (600-Mil) Sidebraze DIP D50 


DIMENSIONS IN INCHES 
MIN, 
MAX. 


PIN 1 


AL oes 090 150 008 
125 thers) - - 08 MIN. 012 
160 016 030 590 
| 020 060 612 
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Ceramic Flatpacks 


16-Lead Rectangular Flatpack F69 
MIL-STD-1835 F-5 Config. B 


DIMENSIONS IN INCHES 


18-Lead Rectangular Flatpack F70 


DIMENSIONS IN INCHES 


PIN 1 my 
045 
} .055 
a — 
st 015, 
——— Oe 
4355 —— i 
| —SS Oe 
! 020 
L295 
i820 


1 
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a 


24-Lead Rectangular Flatpack F73 
MIL-STD-1835 F-6 Config. B 


DIMENSIONS IN INCHES 
PIN 1 MAX 


Oo — of Ole 
LEE 045 
| 360 
410 
003 | 


32-Lead Rectangular Flatpack F75 


DIMENSIONS IN INCHES 
MAX. 


"i 005 MIN, 


PIN 1 


4 


Clo 
NJU1 
Oo Oo 
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42-Lead Rectangular Flatpack F76 


PIN 1 DIMENSIONS IN INCHES 
MIN 
MAX 
SS SS jo + ~ ee eed 
MAX). © Gee eel a 0S 
SACOM SCS SLE ETAT 018 
aA aL STE ed O12 
630 
650 
007 


48-Lead Quad Flatpack F78 


DIMENSIONS IN INCHES 
MIN 
MAX 


730 MAX, 


OU) BSG 
100 REF. 
350 
450 


SEATING 
PLANE 


| 


BSC 


————— a 
ced 


OU 00 
MAX, BSC 
1018 


= __ ft 022 
ae | 


PUPP ab 
pg 


| 


100 
REF, 


PIN 1 ID 


7-22 


075 
REF. 


PIN 1 ID / | 


64-Lead Quad Flatpack F90 


DIMENSIONS IN INCHES 
MIN 


AX 


885 
PLS 


FOU “BSE 


075 REF. 
350 
ro 
Saar BSC 
=a | 
016 
___4 020 
a 


O SITES ET 
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Ceramic Pin Grid Arrays 


68-Pin Grid Array (Cavity Up) G68 


1,089 ae DIMENSIONS IN INCHES 


i MIN. 
MAX, 


68 X .080 DIA, MAX, 


' © 
@© 
© © 
©) ©) 68 X 
1,089 
me eek O© ay DIA. 
1.010 O@ | 
Qe 
Q© 100 
O® TYP 
©D©OOQOOOOO ae 
ell. 050 DIA 
100 TYP. 
INDEX MARK 
ON TOP VIEW 
SEATING 
PLANE 
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ih 
C) 
Rr 
25 
Be 
Er 
Cp) 
Cp) 


——- 


69-Pin Grid Array (Cavity Up) G69 
TOP VIEW BOTTOM VIEW 


PIN 1 INDICATOR 


\ 
. 100 


---——- 1,000 BSC. 


ROTOTOXOIOIONOIONO MS meee 


BSC. OK KOXOLOIOIOIOICK 30 
Q© ‘OXO) 
e EXTRA 20 
E © PIN O® 1.000 
© ©) Bsc, 
©) OFS) 
© ‘OXO) 
© ©© 
OOQOOOOOOODO 
— alan 
SEATING ae 
PLANE 
040 070 


DIM D / DIM E | MIN, | “060 745 
LARGE OUTLINE | 1.140 


SMALL OUTLINE | 1,090 | 1, 
| LHS 
DIMENSIONS IN INCHES 120 | aie DIA. } 185 

140 


MIN. 


MAX, I ‘555 DIA 
69 X 
84-Pin Grid Array (Cavity Up) G84 
O95 
DIMENSIONS IN INCHES 135 
MIN, 
INDEX MARK MAX, 12 
1 
(NO PIN) 
3 
© 
© CIOKO) 34 X 
990 1,089 
FOS -— + —- OOO Tog Lill aan DIA. 
©) © OO® 
© © ‘OXO) 
‘OXSO) OO® ©) © aA 
DOOOCOOOOO®O foe ae 
( JOIOIOFOIOIOFOIOI“S) 
84 X 080 DIA, MAX, 940 
060 


SEATING PLANE 
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85-Pin Grid Array G85 


TOP VIEW BOTTOM VIEW 
1.090 1.000 BSC. 
ace 1135 003 MIN 
D. 4 xX 
ae | 
(XOTOLOLOXOIOLOLOLON©) 
CICIOICIOIOIOIOIOIONSO 


1,000 
BSG. 


SEATING PLANE 040 070 
060 145 

7 ais 

7 iy | 1 


120 | 050 DIA, 
DIMENSIONS IN INCHES 140 0165 


MIN. 4 xX 
as 85 x 


145-Pin Grid Array (Cavity Up) G145 


1.569 DIMENSIONS IN INCHES 
20 MIN, 
SQ, MAX, 


= 
om) 
Ol 


he 
25 
OZ 

m™ 

x rR 

fare 

W 

CO 

[Se 
SS ee 
OS 
Onol 

a 

aN 

Ui 


MARK 
MORO) 
©) © © 
©) © 145 xX 
016 
oe en DIA. 
OO) 
ORO) 
© © 
© © 
©) ©) ©) 
00 tae 
il ORO) 
TYP, OO 
©) © 
) ©) ©) 4X ; 
050 DIA 
040 
060 
TYP, 145 X .070 MAX. DIA, 125 
135 
SEATING 
PLANE 
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160-Pin PGA G160 


TOP VIEW BUTTOM VIEW 
INDEX MARK 


PIN Al INDICATOR 
1.400 BSC, 


1.540 
1.590 
. © OOD 
OO® OO® 
100 OO OO 
BSC. OO® OO® 
Q© OO® 
(©) ClOKO 
1540 OO® OOO® Sait 
1.590 OOO® QOOO® BSC 
OOOO OOO® 
QOO® CLOKO) 
QOO@ QOO® 
OOO® ‘OLOTO) OOOO 
QOOOOODOOOOOVOOOO® 
CIOIGIOICIOIOIOIOIOIOLOIOIOIO) 
OOOOOOOOOQOOOO®O 
100 _. 
SEATING BSC, 


PLANE 


060 745 
DIMENSIONS IN INCHES 
MIN, 
MAX, 7 
140 4 YX | ' 


0165 
215 DIA. 


160 X 
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DIMENSIONS IN INCHES 
MIN. 


MAX, ee 105 
145 
INDEX MARK 1615 160 
al 
V YOIOLOIOLOIOLOIOLOIOLO 7 
O®OQOQOOOQOOOOOO =H 
OOOOQOOQOOOOOO ‘s 
OOO©OOHOQOOQOOO®O 207 Xx cE « 
Sea nee DIA, 
O® | : 
OOO®@ ©OOO® es 
3008 DOoo| 18g 1780 
OOO® OOOO 7 
OOO® OOO® 
O©OO® OOO® 
SIOLOLO) O©O® 
ID OOOOOOOQOOOQOOOOOO 
100 OOOOQOOQOOOOOOOQOOOO | 
ye OOOQOOQOOQOQOOOOOOOOO oe 
©©OOOOOOOOQOOOOOG 950 pia, —t 
| .040 
100 TYP, . ae 


207 X 70 MAX. DIA. 120 


SEATING 
PLANE 
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223-Pin Grid Array (Cavity Down) G223 
BOTTOM VIEW 
siepeeees: L700 BSE, 


TOP VIEW 


_ 1840. a 
INDEX MARK 1.880 nee 
PIN 1 LD. “< 


©OOOO 
100 
BSC. 
1.840 
1,880 
©O©OOOOOO 
©O©OQOOOHO 
©O©OOOOOO 
Sete 
100 
BSC, 
SEATING PLANE 070 
928 145 


DIMENSIONS IN INCH | | , 
ane HES 050 DIA. 17S 
120 oe 185 


MIN. 
MAX, 140 
0215 
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Ceramic Windowed J-Leaded Chip Carriers 
32-Pin Windowed Leaded Chip Carrier H32 
SEE 
VIEW A 


ele & or “LENS 


O25 X 45° 


7-30 


28-Pin Windowed Leaded Chip Carrier H64 


150 DIA, LENS 


PIN 1 


300 
REF, 


040 X 45° 


Package Diagrams 


SEATING 
PLANE 


035 X 45° 


008 
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280 DIA. LENS 


040 X 45° 


400 


REF. 
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32-Pin Windowed Leaded Chip Carrier H65 


SEE 
VIEW A 


Package Diagrams 


i Cyne umes aia | 


008 


Le 


280 DIA. LENS 


ust 4] 


44-Pin Windowed Leaded Chip Carrier H67 


- om i 
q 
q 642 685 
658 695 
‘a a 
: ' 
proeeo epoca =i 
642 
my 658 = 
685 
695 
CUTLASS, 
+ I 
ce a 
500 
| —t REF. 
=p 
I 
HHH 
algal se 
040 X 45° pee 


035 X 45° 


Package Diagrams 
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VIE 
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006 
O10 
035 

a5" 

O17 

oe 

aria Be a 

+ 
=i | on 
032 


A 


Package Diagrams 


68-Pin Windowed Leaded Chip Carrier H81 


380 DIA, LENS 
TYP 


PIN 1 


Cicici ry rica rt Er 


985 
SEATING PLANE 


1040 X 45° 
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84-Lead Windowed Leaded Chip Carrier H84 


400 DIA. LENS 


FIN 


15 
a Wests) - 
1195 SEATING PLANE 


040 X 45° 


Package Diagrams 
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Plastic Leaded Chip Carriers 


20-Lead Plastic Leaded Chip Carrier J61 


DIMENSIONS IN INCHES MIN. 
MAX. 


ai/f 
| 


0,395 | 
U 0.045 
9.350 7 0,055 
0.356 
+t i Ee EEF 
| 0.350 
™ 0,356 | p20 
i ae 0.165 
0.395 br 26S _.| 
28-Lead Plastic Leaded Chip Carrier J64 
DIMENSIONS IN INCHES MIN, 
MAX, 
PIN 1 
—t 
a: 
_ f 0.013 
gage 9.045 0.021 
0.495 SS 
0.450 H 0.390 
0.458 q C Fel ee 0,430 
i h = 
1 0.026 
| LSS 0.032 
oe MIN, 
L__. 9.450 | 
0.458 heal c 
0.485 
a 0.495 —I 65 ro 
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CYPRESS 


32-Lead Plastic Leaded Chip Carrier J65 


DIMENSIONS IN INCHES MIN, 
MAX. 


~- PIN 1 


i 


r 0.025 TYP. 


44-Lead Plastic Leaded Chip Carrier J67 


DIMENSIONS IN INCHES MIN. 


MAX, 
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52-Lead Plastic Leaded Chip Carrier J69 


DIMENSIONS IN INCHES MIN. 
MAX, 


PIN 1 
ened 
pat i 
0.045 
0.785 0.055 
0.795 0.690 
0.750 0.730 
0.756 
uae 
Geel oe 
0.023 
0.020 MIN 
0,750 
0.756 9,090 
0.130 
0.785 a 0165 
0.795 0.200 


68-Lead Plastic Leaded Chip Carrier J81 


BIMENSIONS IN INCHES MIN. 
MAX, 


AHA) 


U 


0.020 MIN, 
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84-Lead Plastic Leaded Chip Carrier J83 


DIMENSIONS IN INCHES MIN. 
MAX, 


MIN, 


0.090 
0.130 
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24-Lead Square Cerpack K63 


DIMENSIONS IN INCHES 


MAX. | i 100 MAX, 
a ¥ 


PIN NO. 1 INDEX | 
\ 1.090 MAX, 
TYP, 
370 
“z00 $8 


300 
360 
(4 PLACES) 
= ee 
050 LL 075 MAX a 
' ' _.| +,003 


TYP. 00S -,001 
O15 
O19 


16-Lead Rectangular Cerpack K69 
MIL-STD-1835 F-5 Config. A 


DIMENSIONS IN INCHES 
MIN. 


MAX. 
PIN 1 LD, 


1 045 MAX, 
se 
a oo 
—— 


——e 


230 

BASE. AND 
004 ae SEATING 
“009 3 ; ! PLANE 
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18-Lead Rectangular Cerpack K70 
MIL-STD-1835 F-10 Config. A 


DIMENSIONS IN INCHES 
MIN. 


MAX. 
PIN 1 1D. 
005 zs 
O15 085 MAX 
i 
j — eT. —T 015 
SS 01 
———— eee 
(oe a } 
489 ree oo at 
‘ (a 
a af 
SRSA BERANE — 050 
Sear NSE racer eI | 4 BSC 
oe 
OS eo 
a 
1200 ‘ 
£300 
004 
009 


™ 
Leia 


350 


20-Lead Rectangular Cerpack K71 
MIL-STD-1835 F-9 Config. A 


DIMENSIONS IN INCHES 
MIN. 


MAX. 
PIN 1 LD, 


O15 r 045 MAX, 


aN 
© 
fo) 


cen} 


Ul 
fwr——-———- fF) 


BASE AND 
1004 SEATING 
009 PLANE 
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Package Diagrams 


24-Lead Rectangular Cerpack K73 
MIL-STD-1835 F-6 Config. A 


DIMENSIONS IN INCHES 
MIN, 
MAX, 


PIN 1 ID. 


1s 7 045 MAX, 


—— Tos 
———— eee a 
mY a 

530 manoe ae el Ee 050 BSC 
os 7 
I —— ——— ae 


L 005 MIN. 
360 


“200 


i260 
es 


28-Lead Rectangular Cerpack K74 
MIL-STD-1835 F-11 Config. A 


DIMENSIONS IN INCHES 
MIN, 


MAX. 


PIN 1 LD. 


7 045 MAX, 


BASE AND 
003 ee SEATING 
009 PLANE 
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32-Lead Rectangular Cerpack K75 


DIMENSIONS IN INCHES 
MIN. 


MAX. 


PIN 1 LD. 


i. 1045 MAX 
— ae 
019 
—— 


—_—_ 


840 MAX. 


SS 
——— _ 4 

ae 005 MIN, 
= 


BASE AND 


28-Lead Rectangular Cerpack K80 


DIMENSIONS IN INCHES 
MIN. 
MAX, 


1.100 MIN. 
PIN 1 LD, 
005 
015 


ON 
~ 
bP) 


_r# 
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Ceramic Leadless Chip Carriers 


Nii 


32-Lead Leadless Chip Carrier L45 


PIN 1 


045: 
055 _t 
DIMENSIONS IN INCHES 
075 MIN. 
Pal 095 AX, 
wg) F 022 
= f .028 
peal 
a 045 
0355 060 


i742 
oe 
442 
eee 


—__+| 


458 


18-Pin Rectangular Leadless Chip Carrier L50 
MIL-STD-1835 C-10 A 


045 PIN 1 
0 a 
DIMENSIONS IN INCHES 
UUFTL a MIN. 
022 MAX, 
__{ 028 
a | 
(a 
043.4 
055 


E3075 
085 
008 R, 


18 PLACES 060 

1075 

O50 

( ] O66 
417 
433 
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20-Pin Rectangular Leadless Chip Carrier L51 
MIL-STD-1835 C-13 


045 PIN 1 
oe [~ ra 


DIMENSIONS IN INCHES 
. MIN, 
DUyiO MAX. 
<< 
022 
4 020 
=a) 
in re 
ee 
055 : 
—F 
008 R. 
20 PLACES 


062 


078 r 
050 
y = (066 


a 


IN 
NO 
-) 


| 


aN 
Ce) 
ol 


(Ae en 
280 : 


30 


© 


22-Pin Rectangular Leadless Chip Carrier L52 
045 


| PIN 1 
050 / 


DIMENSIONS IN INCHES 


MIN, 
022 MAX 
E 008 
ae | 
oe 
045 7 
055 3 
Bae eaale ' 
Se R 
22 PLACES 392 = 
050 
063 T] f 
484 
496 


~— 
ae) 
e8) 
I 
ae Ss 


7-45 


Package Diagrams 


24-Pin Rectangular Leadless Chip Carrier L53 


PIN 1 bis 
P 050 


DIMENSIONS IN INCHES 
MIN. 


MAX. 


045 
055 
020 
f 030 
040 
050 my 
oe jp 082 
008 R, 078 
24 PLACES 050 
7] 066 


f 


Off 


ah 


ae | 


308 


28-Pin Rectangular Leadless Chip Carrier L54 
MIL-STD-183%-11A 


PIN 1 9g@5 
te a 085 


055 
DIMENSIONS IN INCHES 
022 MIN. 
{ 028 MAX. 
045 4 
055 nae 
1095. 


e 
= 
5 
Sem 
44 
7-4 
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32-Pin Rectangular Leadless Chip Carrier L55 


alo 
Ol & 
Ul 


BOTTOM 


MIL-STD-1835 C-12 


a PIN 1 


Ne 


32 PLACES 


TOP 


XS 008 — 


24 PLACES 


DIMENSIONS IN INCHES 
MIN, 


MAX, 


DIMENSIONS IN INCHES 


MIN, 
MAX, 
060 
100° 
050 
088 
SIDE 
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28-Square Leadless Chip Carrier L64 
MIL-STD-1835 C-4 


045 


055 


rae DIMENSIONS IN INCHES 


MIN, 
BOTTOM 022 MAX, 
{028 
== 
045 4 
055 
045 
055 
008 R, 064 
28 PLACES 078 
045 
066 
TOP SIDE 
442 
458 


44-Square Leadless Chip Carrier L67 
MIL-STD-1835 C-5 


DIMENSIONS IN INCHES 
MIN. 
MAX, 
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48—Square Leadless Chip Carrier L68 


MAX, 


PIN 1 
033 a 
‘647 
TTT DIMENSIONS IN INCHES 
ce MIN, 
: = 


S18 
oh 
OOo 


maa 
OL 
= __f£ 023 
L— os} 
Ld 
1 L 
L TUPLE ELL ALLA Pn oe tae 
L. 047 078 | 
10075 R, aea 
48 PLACES ee 7 bo 
55 
| 565 
p 
555 
e565 


DIMENSIONS IN INCHES 
MIN. 


MAX. 


52 PLACES 


; 


tC 


7AQ 
761 
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32-Pin Leadless Chip Carrier L75 
hoe 


045 MAX. x. 


DIMENSIONS IN INCHES 
IN 


£40 009 R, 
760 a * PLACES 


C4 022 


ca 4028 


392 080 
r 408 a ‘100 ] i 


68-Square Leadless Chip Carrier L81 
MIL-STD-1835 C-7 


DIMENSIONS IN INCHES 
MIN. 


MAX, 


68 PLACES 


TI 


Soh 
isp) 
ind) 


i 
: 
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Plastic Quad Flatpacks 
44-Lead Plastic Quad Flatpack N44 


13,ce040.e5 SQ———+ 


10,000.10 SQ 
N 
DIMENSIUINS IN MILLIMETERS 
[MLL LILLE a LEAD COPLANARITY 0.102 MAX. 
CT 
~ Loss tye 
= aa 
Ce oe 
=r EI 
coe eral 
Fo 0.80 TYP, 
PEE 
| oa 
Red TYR: een i L ie 
STANDOFF 


2,000.05 
0.80+0.15 


CAAA eRe 


nae R:. 20. TYP. 
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N 
WOOUUG | 
pi APTI 
S| © a 
eres ae 
0.30 ret oS cama 
— = DIMENSIONS ARE IN MILLIMETERS 
Gee See os ine LEAD CDOPLANARITY 0.102 MAX, 


AUT 
UUUUUU OU 
k#-———— 10,0040.10 SQ ! 
13.2040.25 SQ 
R. 0.20 ia 
45 


= Mn 
0°-7° \ zi areetee 
R, 0.30 TYP. 
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64-Lead Plastic Quad Flatpack N64 


¥—— 17,2040.25 SQ 
I--—--—- 14,00£0.10 SQ ——+ 


HT 
OQ et 


a 
ae L 0.35 TYP 


DIMENSTONS IN MILLIMETERS 
LEAD CUOPLANARITY 0102 MAX 


O50 ae ea 


Ro O.30" GPs 


0.25 MAX, Rees yrs 
STANDOFF 
0,6020.15 
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64-Lead Plastic Thin Quad Flatpack N65 


16.0040.25 SQ 


' ee DIMENSIONS IN MILLIMETERS 
HA RRA RHAHARARRRAHE LEAD CUPRLANARITY 0.100 MAX, 
je oo O aa 

= Cy ifesect 

an Fa E ogst0.0u 

oo i 

on ee ed T YP: 

cc C) CT 


EATS AIT er nee alin Ae 
0.05 MIN, R. 0.20 TYP, po 
0.15 MAX, 
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64-Lead Plastic Thin Quad Flatpack N66 
12,0040,.25 SQ 
10,00+0,10 SQ 
DIMENSIONS IN MILLIMETERS 
LEAD CUORPLANARITY 0.080 MAX. 
0.ee+0.05 
0.50 BSC. 
R 0.08 MIN, 
0.20 MAX, 
STAND-OFF 
0.05 MIN, 
SEATING pene 
PLANE 
| Laren = 
St Sa So20 MAK = 
0.60+0,15 


L 0.20 MAX, 
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PIN 1 


{ GS poo 
f=] +—__ 
030 Trp, 2 SES omer 
pe ee 
= = 
— DIMENSTIUNS ARE IN MILLIMETERS 
065 TYP E== LEAD COPLANARITY 0.102 MAX, 
a 14,000.10 SQ ——————__+ 
~~ 17,20+0.25 Sq ————————+| 
R, 0.20 TYP, 
SEATING PLAN : | 
245 | “3 2,00+0,05 
\ a UAH OHO AA ; 
o°-8° a 0.80+0.15 


R, 0.20 TYP. 
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Peewee: LeU eo. 


100-Lead Plastic Quad Flatpack N100 


e-—— 14,.00+0,10 


0.30+0,08 
calf 


0.69 
ipeee 


STAND-OFF 


| 0.25 MIN 


1 
Gl 
ie 
HF 
a 6 
Oo Ss 
eu) CU 
R 013 MIN, 
0.30 MAX, 0° MIN. 
3.40 MAX, 
| 0.25 
SEATING H 2 14 
PLANE 5 aa) 
Sos, R 013 MIN. 
0-7 
+015 
0.88 -0.10 


ae 
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NOTE 


Package Diagrams 


+ ke— 3.40 MAX, 


S: 


20,00+0,10 
e3c020,25 


2 S0t0.235 


BDIMENSTONS ARE IN MILLIMETERS 


LEAD C 
PACKAG 
DOES N 


HPLANARITY 0.100 MAX 


INCLUDE MOLD PRU 


MAX. Al 
LEAD W 
AX, AL 


OWABLE PROTRUSION 


QOWABLE DAMBAR PRU 


OWER 


RADIUS IS 0.08 MM. 


RUSI 


E WIDTH (14,0040,10>2 AND LENGTH ¢20,00+0,10> 


ON. 


IS O25 MM, 


TRUSI 


IDTH DOES NOT INCLUDE DAMBAR PROTRUSION 


UN ABOVE 


128-Lead Plastic Quad Flatpack 


19.90 
20.10 


Lit 
Zz 
<r 
— 
a. 
oO 
= 
_ 
<x 
i) 
i) 


eee UCT 


=. 050 
@ a 


DIMENSIONS IN mn 
MIN. 
MAX. 


GAGE PLANE . 
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160-Lead Plastic Quad Flatpack N160 


PIN #1 
300808 
L650 TYP 
DIMENSION IN mm 
LEAD COPLANARITY 100 
28.00.10 SQ — +] 
= 31.204+.25 SQ - 
R. .20 TYP, 
3,49+£0.10 
SEATING PLANE | 
4,07 
MAX, 23 MAX 


T 


R. .30 TYP, gg +15 
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160-Lead Plastic Quad Flatpack 
with Molded Carrier Ring N161 


eye 63 X 6504025 = 40,954.10 
PACKAGE 
aE ee PIN #160 3 ass ee Ne 
4S TYP PQ Sf 65 TYP ee 
7 WIDTH PITCH 
Sit cai nate alain aninenenimmnblalaine nine — TEST PAD a 
——— ae #192 1502043 
) SY 17.600 1 
*6 OHS 16.100 g 3.35040,025-4 | f 
ae . UY 7 
| 74) i 
R 0.25 TYP —— rs 
ip a eI ] 
re ————} i Y 
1p — Y os 
; ———— o Oo. aI mt a | i. 
—— A Yo ee Ip 7 ou 
Q — — 0,000 ° > § ° Y + 
& —— S cf g i 7 & 
it aoe ie 
: —— |] | 50 DIA. TYP tl fi y : 
——| | | a V 
8 = : = 7 
—— ‘ 150 DIA, TYP z | 
= | : 
©. Wt ot 2,500.50 RAD. iz | 
TEST PAD | @ ey [4 TOP & BOTTOM = RAD. 0.25 TYP 
tet O a. TEST PAD 
\ i Tn #129 
0.504010 R 
Re OE RO ee ee YR |eaer Oe ERE hoe eee Bh Orme weer A ? to 
1 TEST PAD euagt is 
TEST PAD #128 4,00+0,50 RAD. 
46S 41.50 TYP TOP AND BOTTOM TOP & BOTTOM 
SECTION B-B 
0.45+0,05 
(TEST PAD 256 X) accents 
- 


4.804010 4 


1,80+0,10 
: 150+0.13 
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208-Lead Plastic Quad Flatpack N208 


PIN #1 


O 


na 


= 
MM 
N 


KE 
OUR E TOUHTETUTUTOA OTTO EE TUTTE TUTTO 


iN 


sell 28,0040,10 SQ 


f+ 30.60 BSC, SQ 


0.50 BSC 


Package Diagrams 


DIMENSION IN mm MIN, 
MAX 


LEAD COPLANARITY 0.100 


SEATING PLANE 
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7 CYPRESS 


Shrunk Small Outline Packages 
20-Pin Shrunk Small Outline Package 020 


L1i4 DIA. 


| Ata 
/” PIN 1 ID. 


jn 


7.07 
7.33 


235 MIN. 


0.65 BSC. 
2 GAUGE PLANE 


SEATING PLANE 


7-62 


Package Diagrams 


0°-g° 


Package Diagrams 
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Package Diagrams 


48-Lead Shrunk Small Outline Package 048 


zs 020 
0.400 
0.410 
Qeo2 
0.299 
DIMENSIONS IN INCHES MIN. 
MAX, 
J 
PODOUDOVOUOUNOVOUTY 


DIMENSIONS IN INCHES MIN. 
MAX, 


goss 
aol 


_ 
a nn, ~ nee tteg ai cD. 


0.095 
0,110 
0,040 
0,008 SEATING PLANE 0°-8° 
0,016 
0.0135 
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? CYPRESS 


Plastic Dual-In-Line Packages 


7) 


\ 


16-Lead (300-Mil) Molded DiP P1 


PIN 1 
fo fh eh wee . DIMENSIONS IN INCHES MIN. 
fi MAX, 
0.240 
0.e60 


DIMENSIONS IN INCHES MIN. 
MAX, 


eon SEATING PLANE 0.280 
\ fc ca 
1 


wee 
0.140 : 
0.140 
0.190 4 
ous | 0.009 . 3° MIN, 
0.160 0.015 0.012 
aie 060 
0.090 sas || ons ibs 0.310 ~ 


20-Lead (300-Mil) Molded DIP P5 


oO] 


ale 


PIN 1 
SS le Milas a eal elle Bl Ei DIMENSIONS IN INCHES MIN. 
MAX, 
SEATING PLANE 0,280 
r- 0.325 | 
0.009 z 
0.015 0.012 rae 
060 
bX 0.310 i 
0.385 
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YPRESS 


Wns 
C}) 


~se 


22-Lead (400-Mil) Molded DIP P7 


PIN 1 


ok eo al We eae ee ede cha a [ DIMENSIONS IN INCHES MIN. 
0.340 
0,36 


MAX, 
L_ 9.040 
0.060 


SEATING PLANE 


22-Lead (300-Mil) Molded DIP P9 


PIN 1 


DIMENSIONS IN INCHES MIN. 
MAX, 


SEATING PLANE sae 
o8e8 | 
0,009 : 
015 0.012 a 3° MIN 
060 
0.310 
| asia 
24-Lead (600-Mil) Molded DIP P11 
PIN 1 
ny He 
| DIMENSIONS IN INCHES MIN. 
MAX, 
A 0.530 
0.550 
oA uA 
0.060 
0.080 


1.230 
1.260 SEATING PLANE 0,570 
0.625 
ae fied { 
Buls | 9,009 : 3° MIN. 


Oe nee) 
ft tL os 015 0.610 
0.020 0.685 


0,065 
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24-Lead (300-Mil) Molded DIP P13/P13A 


DIMENSIONS IN INCHES MIN. 
MAX, 


ou 
0.250 NOTE A 
‘ 0.270 
7 O. crop a [ L NOTE B 


NOTE A 
SEATING PLANE 0.280 
| F 0528 | 
0.140 
0,190 
O15 9.002 3° MIN 
0.160 0,012 : 
t 0.060 
0.055 s asia __| 
0.110 ' 0.020 0.385 
28-Lead (600-Mil) Molded DIP P15 
PIN 1 
picts} mae 
| DIMENSIONS IN INCHES MIN. 
MAX. 
0.530 
0,550 
0.070 
r 0,090 
ares — : SEATING PLANE 0.570 
L. 0.625 | 
0.140 
0.155 
0.200 0.160 | 
0.009 . 
O.115 rarer 3° MIN, 
0.160 9.015 0.012 
{ 0.060 
0.090 LL 0.055 ue 0.015 L 0.610 | 
‘0.110 0.065 080 0.685 


40-Lead (600-Mil) Molded DIP P17 


PIN 1 
Pa ci a anak 


DIMENSIONS IN INCHES MIN. 
MAX, 


a arts yoy 
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ee EDIE a ee 


32-Lead (600-Mil) Molded DIP P19 


L PIN 1 
oe ot a a oho DIMENSIUNS IN INCHES Mlb, 


| 
| 


070 
095 


sae aka f 


SEATING PLANE 


L650 
1,680 rae 
4 L 
155 140 
160 


160 “110 065 015, 670 


28-Lead (300-Mil) Molded DIP P21 


PIN 1 


DIMENSIONS IN INCHES MIN. 
MAX, 


1.370 
1425 SEATING PLANE 0.280 
| é 0828 | 


PIN 1 
oh ne 2 


DIMENSIONS IN INCHES MIN. 
MAX. 


0115 tf 9.002 J 3° MIN 
0.115 0.012 
0.160 0.015 
; ara 0.045 Mie 
0.600 | 
0.090 6.055 al 0.015 0.700 
0.110 0.020 
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64-Lead (900-Mil) Molded DIP P29 


PIN 1 
aes 1 
DIMENSIONS IN INCHES MIN. 
MAX, 
0.750 
0.850 
— 


32-Lead (300-Mil) Molded DIP P31 


PIN 1 


| 
| 


DIMENSIONS IN INCHES MIN. 
MAX. 


WY YT Yuh . 
0.038 
1560 
(ope SEATING PLANE 2.290 
— 
0.180 MAX. 
as 
0.110 0.008 * 
0.135 aa = 3° MIN. 
— 
0,100 0.045, JL 0,015 0,310 
TYP. 0.055 0.021 0.385 
28-Lead (400-Mil) Molded DIP P41 
PIN 1 
SSF sa io oe or ol athe a 
[ DIMENSIONS IN INCHES MIN. 
MAX, 
0,340 
0.390 
0.040 
= 0.070 
0.390 
0.425 
SEATING PLANE 
0.210 MAX. 
0.009 | 3° MIN, 
pile 0.015 MIN, sae 
 - 
0.410 
0.485 
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1580 
1.620 
0.1 
0.1 


DIMENSIONS IN INCHES MIN. 
MAX, 


SEATING PLANE 9,390 
| 0.425 
0.015 MIN. 
0.015 


Package Diagrams 


3° MIN. 


Package Diagrams 


ok 
Sse CYPRESS 
Quarter Size Outline Packages 
16-Lead Quarter Size Outline Q1 


be ees 


0.009 


ma REF. 


0.016 


- 0.197 
SEATING 
PLANE { DIMENSIONS IN INCHES MIN. 
MAX, 
0.053 
069 | LEAD COPLANARITY 0.004 MAX, 
Wi) ALL ease 
000 0.012 
noe 0.025 
BSG; 


20-Lead Quarter Size Outline Q5 


288 
es | 0°-8° 
0.016 
0.034 
= 


PEER EE EE 


: T 
0.337 
iy 0.344 
MIN, 
MAX, 


DIMENSIONS IN INCHES 


LEAD CUPLANARITY 0.004 MAX 


SEATING 
PLANE 


7-71 


Package Diagrams 


24-Lead Quarter Size Outline Q13 


ease 


neg | 


DIMENSIONS IN INCHES MIN 
MAX, 


LEAD COPLANARITY 0.004 MAX 


SEATING 
PLANE + 
0.053 THE 


a 


0.069 
i: 0.004 a i 0,008 
010 0.012 
0.010 ane 
BSC, 
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YPRESS 


Ceramic Windowed Leadless Chip Carriers 
32-Pin Windowed Rectangular Leadless Chip Carrier Q55 
MIL-STD-1835 C-12 


C) 


DIMENSIONS IN INCHES 
MIN 


MAX. 
X 008 R. 
B2 PLACES 
280 DIA, aaa ee 
11 
LENS an __ 
08 


20-Pin Windowed Square Leadless Chip Carrier Q61 
MIL—STD—1835 C-—2A 


0435 PIN #1 
4] a DIMENSIONS IN INCHES 
/ MIN, 
BOTTOM 022 —— 
p_) ILE 28 MAX, 


=] 
a qt 
ate Sow 
055 ; 055 
anna 
009 R, 
20 PLACES 
= og 
166 DIA. ee 
Le 054 
r 066 
Top SIDE 
342 
358 
id 
y) 
342 
358 
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28-Pin Windowed Leadless Chip Carrier Q64 
MIL-STD-1835 C-4 


DIMENSIONS IN INCHES 
MIN 


MAX. 
008 R. ¥ ees 
28 PLACES pe 
290 DIA, 
045 
LENS t ‘06 
TOP | SIDE 


44-Pin Windowed Leadless Chip Carrier Q67 
MIL—STD—1835 C-5 


PIN 1 
045, 
1055 ij 
045 
O55} 
O22 
a f 028 
aa 
045 
055 
1 087 jos 
14 7 
ick 008 R. 
TA, 44 PLACES 
LENS o34 Li 
088 
Tr 


DI 
Ob 
ola 
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Ceramic Windowed Pin Grid Arrays 


‘ 


68-Pin Windowed PGA Ceramic R68 


DIMENSIONS IN INCHES 
N. 


MAX, 


1.12 

990 140 350 DIA, 

175 LENS 
INDEX MARK 18 “| 


(2) 
© ® 
©) @® 
1.089 _ 
O® 990 11ie rae t 
156 010 ‘20 DIA 
‘O) 
100 © 
TYP, O® | 
©s6 4X an 
© @ 050 DIA 
L040 
100 TYP. 100 wee 
68 X 080 DIA. MAX. 120 
SEATING 
PLANE 


84-Lead Windowed Pin Grid Array R84 


SEATING PLANE 
390 DIA 1,089 
LEN INDEX MARK Lit 
(ND PIN) 
0 = 


S4 X 080 DIA, MAX, 


Airs 

Bae le 040 
oe 060 BUTTUOM VIEW 
185 
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100-Pin Windowed Ceramic Pin Grid Array R100 


TOP VIEW 


BOTTOM VIEW 
PIN 1 INDICATOR 


1290 393 DIA, LENS 


i200: BSE: 


INDEX ae 


CNO PIN) 


1.c00 
BSC, 


SEATING 
| PLANE 
DIMENSIONS IN INCHES 


ee 070 
MAX, 
| eae 7 


175 
120 050 DIA, 185 
140 4 Xx 
016 
020 DIA, 
100 X 
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7 CYPRESS 


Reverse Thin Small Outline Package 


28-Lead Reverse Thin Small Outline Package RZ28 


Q 


DIMENSION IN MM CINCH) 


NOTE: ORIENTATION 1D MAY BE LOCATED EITHER 
AS SHOWN IN OPTION 1 OR OPTION 2 MAX, 3 te 
MIN, pelea 
(SGC 5e6) i 
. 132 C520) . eles 
L20 6047) 
109 C468) 100 ©0399 
7 (460) SO ao 
- 0.05 C002) 
0.55 ©022) 
~ es BSc 
OPTION 2 
(SEE NOTED 
J 
EE) 
= — 
cy a] 
PIN 1 = E 
T 0.27 ol 
0.18 ©0007) 
OPTION 1 
(SEE NOTED 
0.20 008) ee. Coes 


0.15 (006) | 0.91 ©0369 


Cs 
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= YPRESS 
ic Small Outline ICs 
16-Lead Molded SOIC S1 


JU 
S 
o 
= 


PIN 1 ID 


DIMENSIONS IN INCHES MIN. 
MAX. 
LEAD COPLANARITY 0.004 MAX, 


18-Lead (300-Mil) Molded SOIC S3 


PIN 1 ID 


DIMENSIONS IN INCHES MIN. 
MAX, 
LEAD COPLANARITY 0.004 MAX, 
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20-Lead (300-Mil) Molded SOIC S5 


PIN 1 ID 


HEBEAEEE 


oo 


0.300 9.393 
0.420 DIMENSIONS IN INCHES pee 


LEAD CUOPLANARITY 0,004 MAX 


(UGG Co ooo 


SEATING PLANE 


0.497 
r 0.513 1 

meee . L 0.013 
adi 0.019 0.012 


8-Lead (150-Mil) SOIC S8 


PIN 1 ID IS OPTIONAL, 


ROUND ON SINGLE LEADFRAME 
RECTANGULAR UN MATRIX LEADFRAME 


PIN 1 
DIMENSIONS IN INCHES MIN. 
MAX, 
LEAD COPLANARITY 0.004 MAX, 
0.150 
0.157 


0.189 , 
ite 0.196 i“ SEATING PLANE - P DoE * 4 
0.061 
0.068 _4 
®& 
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24-Lead (300-Mil) Molded SOIC $13 


PIN 1 ID 


DIMENSIONS IN INCHES MIN. 
MAX, 
LEAD COPLANARITY 0.004 MAX. 


SEATING PLANE 


4 
ons |. £ aouz 


0.050 


0.050 
TYP. 


14-Lead SOIC S14 


DIMENSIONS IN INCHES MIN, 
MAX. 


LEAD COPLANARITY 0.004 MAX. 


0.3 7 pst AL x 45° 
| 0.344 7 | SEATING PLANE | | D016 
| | , i 0.0075 
we 0.0138 fo4 q*-a* DbIG = _ 0.009B 
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16-Lead (150-Mil) Molded SOIC S16 


—~PIN 1 ID 
Beate] 
ial eee 
DIMENSIONS IN INCHES MIN, 
MAX, 
5 LEAD CUPLANARITY 0,004 MAX, 
2 


0.010 ° 
xX 45 
SEATING PLANE 0.016 


28-Lead (300-Mil) Molded SOIC S21 


PIN 1 ID 


HHEAHHAEERAAAE 


0 DIMENSIONS IN INCHES MIN. 
MAX. 
LEAD CUPLANARITY 0.004 MAX, 


HHGHR TREE 


SEATING PLANE 
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28-Lead 450-Mil (300-Mil Body Width) SOIC $22 


XXX HYUNDAI DIMENSIONS 


XXX) _ 
eye = ANAM DIMENSIONS 


PIN 1 ID 


DIMENSIONS IN INCHES MIN. 
MAX, 


LEAD CUPLANARITY 0,004 MAX, 


SEATING PLANE 


LSS | 0.094 0.0909 
U 0.110 (0.100) on | 


, | Ene (0,006) 
0,050 0.014 (0.014) gran cq 904) (0.020) 0.030 0.012 ¢0,0125) 
TYP, 0.020 (og20) Abbe < 0.004) (0.042) 0.050 

(0,050 eee 0.014 0,010) | 
TYP) 


7-82 


Package Diagrams 


28-Lead (330-Mil) SOIC S23 


PIN 1 ID 


HH HHH HHHAE REE 


DIMENSIONS IN INCHES MIN 


MAX 
LEAD COPLANARITY 0.004 MAX 


HH BREE HEEB EE 


SEATING PLANE 


[=e 
£9008 
030 O0le 
0,050 
28-Lead (400-Mil) Molded SOIC S28 
DIMENSIONS IN INCHES aN DETAIL A 
LEAD COPLANARITY 0,004 MAX. PONDS Ep 


EXTERNAL LEAD DESIGN 


RRA AAA AARAAR 


OPTION 1 


OPTION 2 


SEATING PLANE 
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Package Diagrams 


32-Lead (400-Mil) Molded SOIC S33 


DETAIL A 
EXTERNAL LEAD DESIGN 


DIMENSIONS IN INCHES MIN, 
MAX, 
LEAD COPLANARITY 0,004 MAX, PIN 1 ID 


HAAR AAA A ABE EG ra. 


OPTION 1 


SEATING PLANE 


DIMENSIONS IN INCHES MIN. 
MAX, 


SEATING PLANE 


7-84 


j 
: 


_ Package Diagrams 


Windowed Cerpacks 


24-Lead Windowed Cerpack T73 


DIMENSIONS IN INCHES 
MIN. 
MAX. 


PIN 1 LD. 170 DIA. LENS 


015 —~ 045 MAX. 
ml 
i 


Ce 
590 [ cereceerre rene 
620 eee a BSC 
Es 
ee 
See ——— 4 
TESTE See 
q ——Seee Sed _ 4 
L 005 MIN. 
360 
400 


BASE AND 
SEATING 
PLANE 


28-Lead Windowed Cerpack T74 


DIMENSIONS IN INCHES 
MIN. 


MAX, 
PIN 1 LD. 
— -O0> 180 
Ke yp. a 045 MAX. 
oa st 
740 Na t 
MAX. es f 
300 ee] 
it Px ‘Ge 050 BSC 
(re Ae | : 
eee | 
{cio ee RC 
es 4 
as | L G05 MIN. 
i r S00: 


BASE AND 
SEATING 
PLANE 
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68-Lead Windowed Cerquad Flatpack T91 


ELECTRICAL 
PIN 1 


380 DIA, LENS TYP. 
040 X 45° 


MECHANICAL 
PIN 1 
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7 CYPRESS 


Ceramic Quad Flatpacks 


64-Lead Ceramic Quad Flatpack (Cavity Up) U65 


foes, JES E06 MIN, SQ. 
— 13,97+40.15 SQ——4 
N 
ee 
i 
Z = 
=a. iso. Fe Me, 
= DIMENSIONS IN MILLIMETERS 
“oy = LEAD COPLANARITY 0,102 MAX 
saad DIMENSION MIN, 
=e 0.80 TYP, MAX. 
= 
WUCuc Sa 
Ry So: EYP. 221 
Cfo 
0.15 
0.10 MIN, R, 0.20 TYP. ae 0.25 
STANDOFF 
G02 05S 
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160-Lead Ceramic Quad Flatpack In Ring U160 
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in N S 
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fen) fon) 
ip OS 00'8e 
Cc) 
oS 
SadV¥d LS3L 40 3903 3qISLnO OL 3903 3qISino wors 
— dAl OL'SP 
ee OS 00'9+ 
- => 
Ag 
<< 
é a 
a al qa 
ioe) Os 
~% +H 
i =. Be 
2 g fe, te 
7 bars n> 
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PACKAGE 
PIN #160 


PACKAGE 
PIN #4 
0.50£0,10 R 


4.00£0,50 RAD, 
TOP & BOTTOM 


4150 TYP TOP AND BOTTOM 


SEC TION B-B 


0.65+40,20 


| ee 
4.804010 $ (7 
} 


LLL i earn 
— 


(__\ 
Magnani 
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160-Lead Ceramic Quad Flatpack (Cavity Up) U162 


DIMENSION IN MM CINCH) 


0.650 ¢,0256) 
a 3. EYP, 


I 


0,300 ¢,012> 
z= TPs 
Sheu. 20,25 
Gees: £010 
SE 
SEATING PLANE 
05 GU6O 
ei OOD 
Tou ISO oOo eae aU eae 0.15 £0.02 
HU PHY 
VS0 C00e) 


0.500 ¢020> _Lt 
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7 CYPRESS 


re Small Outline J - Bend 


20-Lead (300-Mil) Molded SOJ V5 


PIN 1 ID 


OUUUuUUOUUT 


0.497 
D 0.513 
120 


0.050 
IL 0.013 0025 MIN, 
0,019 


TYP, 


DIMENSIONS IN INCHES MIN 
MAX, 


24-Lead (300-Mil) Molded SOJ V13 


PIN 1 ID 


DIMENSIONS IN INCHES MIN 
MAX, 


at 
1 0.007 
0.013 
0.262 
0.272 
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28-Lead (300-Mil) Moided SOJ V21 


PIN 1 ID 


DIMENSIONS IN INCHES MIN. 
MAX, 


0,007 
0.013 
0.262 
0.2e7e 
28-Lead (400-Mil) Molded SOJ V28 
DIMENSIONS IN INCHES MIN. DETAIL A 
MEV PIN 1 LD EXTERNAL LEAD DESIGN 
435 
395 445 
405 | 
id L 026 
1 ot el aemerer 
013 
019 os O15 wf 
020 
OPTION 1 
720 
a6 OPTION 2 
} 
Lh 128 = 
| iH L 148 Ta 
013 
Val i 
050 L A 360 
TYP, 025 MIN, 380 
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32-Lead (300-Mil) Molded SOJ V32 


PIN 1 LD 


DIMENSIONS IN INCHES MIN, 


MAX. 
L 
Glog 0.006 
pane 0.012 
0.030 eee 
0.045 
32-Lead (400-Mil) Molded SOJ V33 
DIMENSIONS IN INCHES MIN. DETAIL A 
MAX, PIN 1 ID EXTERNAL LEAD DESIGN 
2 re 
435 
395 440 
405 
a 2 026 
TU UUDOUDOODOUODOUOUOO OD UL 032 
019 a ml i 
020 
OPTION 1 


; 013 
050 Ww | 360 


TYP, 025 MIN, 380 
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44-Lead (400-Mil) Molded SOJ V34 


DIMENSIONS IN INCHES MIN. 
AX. 


= 


SEATING PLANE 


0.007 
0.013 


36-Lead (400-Mil) Molded SOJ 


DIMENSIONS IN INCHES M 


Ee 


Bb 
5 
N 


ty 


\ JB0 
SEATING PLANE 


045 
O55 
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Ceramic Windowed Dual-in-Line Packages 


20-Lead (300-Mil) Windowed CerDIP W6 
MIL-STD-1835 D-8 Config. A 


DIMENSIONS IN INCHES 


MAN. 


BASE PLANE 


: | 290 
200 970 Ee ie | 


e0 
060 


rat 009 


15° 

: 090 330 

020 110 50 
SEATING PLANE 


24-Lead (600-Mil) Windowed CerDIP W12 
MIL-STD-1835 D-3 Config. A 


280 DIA. 
LENS 


DIMENSIONS IN INCHES 
MIN 
MAX, 
O22 | BASE PLANE 
a 5930 
175 _ 620 7 
POS | 
a 009 
125 
200 


50 ooo 
012 3 
I 630 15° 
Tio” 690 
045 110 
"065 
015 


1020 SEATING PLANE 
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24-Lead (300-Mil) Windowed CerDIP W14 
MIL-STD-1835 D-9 Config. A 


PIN 1 


175 DIA, 
LENS 
a oennans i 
45 


iL 310 
ae Ltt DIMENSIONS IN INCHES 
aa at 005 MIN, ty 
615 
ag 643 BASE PLANE 
290 


1S5 - 1.230 
200 1.280 ols i ‘3200 


OO 
; MIN, ‘009 
T 012 
' 3° 
065 110 15° 
015 - 330 
= Gog, SEATING PLANE 356 


28-Lead (600-Mil) Windowed CerDIP W16 
MIL-STD-1835 D-10 Config. A 


300 DIA. GR 
350 DIA, 


LENS 
DIMENSIONS IN INCHES 
505 MIN. 
550 MAX, 
BASE PLANE 
590 
fe 20 1 
bois 
MIN, 009 
| | 012 3 
065 110 639 19° 
O15 SEATING PLANE "630 
020 
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40-Lead (600-Mil) Windowed CerDIP W18 


DIMENSIONS IN INCHES 


350 DIA. LENS 
MIN. 
PIN 1 WAN 
ia ca a a 
570 
590 
je 065. 005 iene 
BASE PLANE 
590 


1,015 _ 
1,050 
2.030 B20 
015 


17S 510 
BBS i : 
— 150 1009 
MIN, ‘O12 2 
630 15° 
690 


? 020 SEATING PLANE 


32-Lead (600-Mil) Windowed CerDIP W20 


DIMENSIONS IN INCHES 
MIN, 


MAX. 


BASE PLANE 


ee SEATING PLANE 


7-96 


28-Lead (300-Mil) Windowed CerDIP W22 
MIL-STD-1835 D-15 Config. A 


140 X .300 OR 
140 X .400 PIN 1 — 


GLASS LENS 
| DIMENSIONS IN INCHES 


[| | es ste 
ae MIN. 
] (248 MAX. 
E 
3 ep ae Pe 


. 065 
a 095 00S MIN, ~— 
BASE PLANE 


1,430 2 290 
1.485 015 pace 


i 045 090 3 
065 110 13° 

015 330 

een SEATING PLANE 390 


32-Lead (300-Mil) Windowed CerDIP W32 


140 X .300 OR 


140 X .400 
GLASS LENS PIN a DIMENSIONS IN INCHES 
eee a a Me 
ae MAX. 
7 245 
oe 
he i a es a i Cae a 
oat ee 865 _ 
095 005 MIN. 
820 BASE PLANE 
850 
55. Fi 1.650 490) 
200 1.685 “| 015 ie aa 
060 
ae 
125 150 
200 MIN, 009 
T . 012 
045 090. cox 
065 110 is 
O15 : 330 
|b Tan SEATING PLANE 390 
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Ceramic J-Leaded Chip Carriers 


52-Pin Ceramic Leaded Chip Carrier Y59 


DIMENSIONS IN INCHES 
MIN. 
MAX, 


SEATING PLANE 


035 X 45°-=| 035 
: O45 © 
Piodls 

Lay, 017 
012 | O21 

7 f 

aueic} 

03 


VIEW A 
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8-Pin Ceramic Leaded Chip Carrier Y64 


PIN 1 


442 =.485 


458  .495 


300 0385 X 45 
REF, 


008 


040 X 45° 


SEATING 
PLANE 
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44-Pin Ceramic Leaded Chip Carrier Y67 


aT 


SEATING PLANE 


035 X. 45” 


VIEW 
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68-Pin Ceramic Leaded Chip Carrier Y68 


SEATING PLANE 


035 X 45° 


.008 


040 X 45° 
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84-Pin Ceramic Leaded Chip Carrier Y84 


DIMENSIONS IN INCHES 


SEATING PLANE 


006 
1010 


035 X 45° 


008 
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Thin Small Outline Packages 


28-Lead Thin Small Outline Package 228 


NOTE: ORIENTATION ID MAY BE LOCATED EITHER 


AS SHOWN IN OPTION 1 OR OPTION e 
DIMENSION IN MM <INCHD 


MAX, 3 
MIN, a2 
13.6 ¢536) tS 
13.2 C520) a 
1.20 (047> 
OPTION 1 oe Og Se 0.20 ¢.008) 
(SEE NOTED a - 0.05 ©0025 
0.55 (022) = 
BSC. ra 
ct 
OPTION 2 ch 
(SEE NOTED rr 8A 
cr oe 
=|n 
COIN 
PIN 1 | 
F027 ott 
0.18 <o007> 
0.20 ¢,008) 
hemraniies} 1.02 ¢,040) 


| 0.91 (036) 


0*=5° 
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32-Lead Thin Small Outline Package Z32 


DIMENSION IN MM CINCH) 
MIN. 
19.80 ¢.780) MAX. 
20c0: G/Q92 


PIN 1 ID 


18.30 «720 MAX, 
18,50-G723) 


G50) “01973 


TYP, 
0.15 (006) 
0.25 C010) 
0.10 ¢,004) 
0.20 008) . : 0.95 ¢.037) 


{ 1.05 041) 


re 0.40 (016) 
0.60 ©.0e4) 
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1.20 (047) 


W 
Zz 
4 
ia 
<= 
LJ 
Y 


PLANE _ 


0.00 <.000> 
0.15 C006) 


780 £307) 
S20 C323) 


O.30-*C,0le, 
MAX. 


DAMBAR PROTRUSION 


1.194 (0047) 
QS991 (0099) 


ae yA 


0.B00 BSC 
¢0.0315> 


CYPRESS 


0.4000.016) 
0.300 <0.D12> 


18.517 ¢0.729) 
IBSiS <<. 7215 


44-Pin TSOP Il 244 


PIN 1 LD. 


ell 


11.938 (0.470) 
¢ b) 


lL. 


44 


JOP VIEW 


BASE PLANE 


0.15@ (0.0059) 


48-Lead Thin Shrunk Small Outline Package 248 
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10.262 (0.404) 
TOOS8 03965 


Q597 ¢0,0235) 
0406 C0016) 


Package Diagrams 


DIMENSION (N MM CINCH) 
MAX 


LEAD COPLANARITY 0.004 (NCHES. 


BOTTOM VIEW 


0210 ¢O,0083> 
O20 (000475 


DIMENSIONS IN INCHES MIN, 


MAX. 


EJECTOR PIN 


56-Lead Thin Shrunk Small Outline Package Z56 


0.0098 


IUUTUUTITEUTATOOOUATEUTTACOUVOOOAV AVE AT 
S 


0.313 
0.325 
0.236 
0.244 
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MAX, 
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Cypress Semiconductor 
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